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Two rare and bizarre species of Sassia Bellardi, 1872 
(Gastropoda: Ranellidae) in southern Australia, 
with a new species and notes 
on the development of Sassia (Austrotriton) 


A.G. Beu 


New Zealand Geological Survey, DSIR, P.O. Box 30368 
Lower Hutt, New Zealand 


ABSTRACT 


A new species, Sassia (Cymatiella) ansonae, from southern Western Australia is the most 
elaborately sculptured species in the family. The four known specimens of Sassia 
(Austrotriton) epitrema (T. Woods, 1877) are illustrated, and the most diagnostic character 
of S. (Austrotriton) pointed out: modern species completely lack a protoconch, or have 
an irregularly calcified apex; they have direct development. 


INTRODUCTION 


Records are listed here of two of the rarest species of the gastropod family Ranellidae 
(= Cymatiidae), both of which occur only along the southern coast of Australia. Both taxa are referred 
to the very diverse, long-ranging, cosmopolitan genus Sassia Bellardi, 1872. The synonymy and 
subgenera of Sassia have been revised by Beu (1987; and in press). This report provides an 
opportunity to publicise more widely the late Florence Murray’s (Burn, 1972) little-known evidence 
for direct development in a living species of Sassia (Austrotriton), revealing the developmental 
cause of the most distinctive character of the subgenus, its lack of a protoconch or presence of 
only a partially calcified protoconch remnant. 


TAXONOMY 


Family Ranellidae Gray, 1854 
Subfamily Cymatiinae Iredale, 1913 (1891) 


Genus Sassia Bellardi, 1872 


Sassia Bellardi, 1872: 219. Type species (by subsequent designation, Cossmann, 1903: 93): Triton 
apenninicum Sassi, 1823, Miocence and Pliocene, Europe. 
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Subgenus Austrotriton Cossmann, 1903 


Austrotriton Cossmann, 1903: 98. Type species (by original designation): Triton radiale Tate, 1888, 
early Miocene, South Australia. 


Negyrina Iredale, 1929: 177. Type species (by original designation): Triton subdistortus Lamarck, 
1822, Pliocene-Recent, southern Australia [September 1929]. 


Charoniella Thiele, 1929: 283. Type species (by original designation): Triton subdistortus Lamarck, 
1822 [October 1929]. (Not Charoniella Powell and Bartrum, November 1929, = Proxicharonia 
Powell, 1938). 


Development 


Florence Murray (in Watson, 1971: 47) recorded her observations on the early development 
of “. .. Negyrina subdistorta (Lamarck, 1822), which sits on her eggs laid on the underside of a 
half bivalve — often Neotrigonia margaritacea, during the period April to June. The wine-glass 
shaped capsules are packed with nurse eggs, and only one embryo emerges. On hatching, the 
shell consists of one and a half whorls with the yolk sac fitting into a shallow cup-shaped depression 
in the first whorl. As the embryo grows the yolk material is drawn into the visceral mass and is 
finally absorbed leaving the sac like an empty balloon. This gradually diminishes, hardens and seals 
over the opening in the depression area of the first whorl. Thus there is no actual nucleus and 
the shell always has the appearance of a broken protoconch". This direct development of a crawling 
juvenile teleoconch and lack of a larval stage shows the relationship of the incompletely calcified 
apices of Cenozoic fossil S. (Austrotriton) species to the broken-looking apices of modern species 
such as "Negyrina" subdistorta and Austrotriton garrardi Beu (1970: 88, pl. 6), and makes it clear 
that modern species with cup-shaped teleoconch apices, lacking a protoconch, or with irregularly 
rugose apices, all belong in S. (Austrotriton): S. subdistorta, S. garrardi, S. bassi (Angas, 1869), and 
5. mimetica (Tate, 1893). It can now be recorded that “Ranella” epitrema T. Woods, 1877 also has 
a flattened, rugose apex with a central hollow, lacking a differentiated protoconch (Fig. 1), and 
clearly also belongs in Sassia (Austrotriton). The Pliocene to living S. subdistorta appears to have 
evolved from the Miocene S. (Austrotriton) tumulosa (Tate, 1888: pl. 5, fig. 2), so phylogeny supports 
the evidence of development. The irregularly calcified, spike-like apex or complete lack of a 


protoconch on the cup-shaped teleoconch apex provides the most distinctive character of the 
subgenus Sassia (Austrotriton). 


Although almost all specimens of S. bassi (Angas) have a low, irregular apex and no clearly 
differentiated protoconch, a single specimen examined (NZGS, WM15099, Kingston, S. Australia) 
has a protoconch of about 1 well calcified whorl, the first quarter-whorl low and flattened, the 
remainder subspherical but excentric, not clearly marked off from the teleoconch. Evidently the 
membranous or conchiolin embryonic stage is calcified in a very few individuals. 


Other characters of the subgenus are its finely gemmate sculpture, its subcircular to muriciform 
aperture with almost smooth lips and a strongly excavated columella and, in most species, its wide 
sutural ramp and prominent peripheral nodules. In the enormous genus Sassia (more than 120 
species have E зеп named from Cenozoic rocks of Europe alone) it is valuable to segregate this 
remarkably consistent southern Australian group as a subgenus. 


Sassia (Austrotriton) epitrema 
(Tenison Woods, 1877). Fig. 1-11. 


Ranella epitrema T. Woods, 1877: 133; T. Woods, 1878: 28; Tyron, 1881: 45; May, 1903: 108; May, 
1921: 109. 


Apollo epitremus Tate and May, 1901: 356, РІ. 23, Fig. 12; Hardy, 1916: 65. 
Description 
The most unusual character of Sassia epitrema is its deeply channeled suture. Its slightly dorso- 


ventrally compressed form is also unusual, although the same compression characterises S. 
mimetica (Tate). Another unusual character is that its varices are not as far apart as in other Sassia 
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species (and, indeed, in all other Cymatiinae), in which varices are consistently situated at each 
0.66 whorls (240° apart around the spiral as the shell grows). The varices of S. epitrema are not 
as nearly aligned as in the subfamily Ranellinae, in which varices are within 20° of being aligned, 
or are completely united up the spire sides to form two prominent ridges (180° to no more than 
about 200° apart around the spiral). In S. epitrema, varices are almost opposite each other on 
the first varicate whorl (the.third teleoconch whorl; only six varices are present on F53168), 15° 
behind the previous ones on the next whorl (the penultimate one), and the terminal varix is 35° 
behind the one on the whorl above. This unusually close variceal placement presumably influenced 
Tenison Woods in placing the species in Ranella. The two recently collected specimens clearly 
show that the apex of the shell lacks a normal turbiniform Sassia protoconch; the calcified shell 
begins as an irregularly rugose, flattened apex with a central hollow, not segregated from the 
teleoconch (Fig. 1), and so lacking a protoconch. This demonstrates clearly that S. epitrema has 
direct development, as was recorded by Florence Murray for S. subdistorta. Therefore, although 
S. epitrema is the most bizarre of S. (Austrotriton) species, this appears to be its correct taxonomic 
position. The dominant sculpture is of many low, wide, closely spaced spiral cords, crossed by 
faint growth ridges; there are also four to six low axial ridges below the sutural channel in each 
intervariceal interval. 


Dimensions 
Height 20.2 mm, maximum diameter 12.6 mm, minimum diameter 8.8 mm (F53168). 


Material recorded 

Holotype (TM5269a, Tasmanian Museum, Hobart), from “Tasmania”; “Circular Head”, 
presumably collected on the tip of the peninsula north of Stanley, north coast of Tasmania, by 
Mrs Eddie, pres. to Australian Museum by C. Hedley in 1904 (C18661, Australian Museum, Sydney); 
scallop dredgings from off northwestern Tasmania, other data and dimensions unrecorded, in a 
private collection (specimen illustrated by Phillips, 1985); HMAS "Kimbla" sta. K7/73-2, eastern Bass 
Strait cruise, 37° 30.8 S, 150° 15’ E, off Cape Howe, Victoria — New South Wales border, 274 m, 
on a shell bottom, 20 Nov. 1973 (F53168, Museum of Victoria). 


Remarks 

For more than 100 years this strange little shell has been known only by the holotype, and by 
one other specimen in the Australian Museum. It is not surprising that May (1921: 109) rejected 
it as a Tasmanian species. Two fresh specimens dredged recently in Bass Strait allow clarification 
of the taxonomic position of this previously enigmatic species. 


All four recorded specimens are illustrated here. The species is recorded only from the Bass 
Strait area, although the Cape Howe specimen (F53168) is from the north-eastern limits of the 
strait, on the Victoria-New South Wales border, suggesting that the species could well occur rarely 
around much of south-eastern Australia. It is highly desirable for collectors to preserve any animals 
of S. epitrema they discover, and submit them to a museum. 


Subgenus Cymatiella Iredale, 1924 


Cymatiella Iredale, 1924: 253. Type species (by original designation): Triton quoyi Reeve, 1844 (= 
Triton verrucosus Reeve, 1844), Pleistocene and Recent, southern Australia. 


Vernotriton Iredale, 1936: 308. Type species (by monotypy): Lotorium pumilio Hedley, 1903, Recent, 
northern New South Wales. 


Remarks 

Most species included in Sassia (Cymatiella) have subdued sculpture. Such common south- 
eastern Australian species as S. verrucosa (Reeve) and S. sexcostata (Tate, 1888) (= S. gaimardi Iredale, 
1929) have moderately prominent axial costae but evenly rounded whorls; the common south- 
eastern Australian S. eburnea (Reeve, 1844) (= S. lesueuri Iredale, 1929) has fine, evenly cancellate, 
axial and spiral sculpture, and the rare northern New South Wales — southern Queensland S. 
pumilio (Hedley) has only low, narrow, closely spaced spiral cords on an evenly rounded shell, 
with no axial sculpture other than growth lines. The one great exception to the usual subdued 
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sculpture is the following bizarre new species. The small size, the shape (with а moderately tall, 
straight-sided spire, and a short anterior canal), and the general protoconch size and proportions 
of S. ansonae agree with those of other Sassia (Cymatiella) species, and the elaborate sculpture 
is taken to be merely a species character. The protoconch is a little lower and of slightly fewer 
whorls than the usual turbiniform protoconch of 2.0-2.2 whorls of other living south-eastern 
Australian species previously assigned to Sassia (Cymatiella), but this type of protoconch difference 
(essentially between one of one whorl and those with two whorls) reflects a minor developmental 
difference that seems unlikely to have any taxonomic significance. The distinctive protoconch 
demonstrates that S. ansonae is not some sort of distorted form of a previously named species. 
The new species is assigned to Sassia (Cymatiella), but its inclusion reduces the diagnostic criteria 
of the subgenus to the small size, the tall spire, and the short anterior canal. 


Sassia (Cymatiella) ansonae 
n. sp. Fig. 12-21. 
Description 


Shell very small, spire tall, stepped, anterior canal short, widely open, sculpture exceedingly 
prominent. Varices low, narrow, at each 0.66 whorls. Sculpture of a low subsutural fold, a wide, 
shallowly concave sutural ramp lacking prominent spiral cords, and two very prominent spiral cords 
on spire whorls and on periphery of last whorl, upper forming an exceedingly prominent, wavy, 
narrow peripheral carina; six low, narrow spiral cords on base and canal; many fine, close, wavy 
spiral threads over entire teleoconch; crossed by narrowly rounded, widely spaced axial costae; 
costae form a row of prominent nodules on subsutural fold, are very low over sutural ramp 
(particularly on last whorl), but extremely prominent over and between the two peripheral cords, 
fading out below third cord on base; 11 costae on last and nine on penultimate intervariceal 
intervals. Resulting sculpture is a row of prominent, rectangular hollows below peripheral carina. 
Coiling markedly asymmetrical, forming prominent bulge in outline in each intervariceal interval, 
opposite aperture. Aperture relatively large, sub-circular; interior of outer lip indented in 
conformity with exterior sculpture, but relatively weakly thickened, with only very low nodules 
on lip edge, three nodules inside sutural ramp and three along basal limb of lip; inner lip weakly 
callused, without parietal callus or ridge, with low, thin, narrow collar over neck. Anterior siphonal 
canal short, straight, open, deflected to left, without fasciole (probably incomplete); no constriction 
at top of aperture to form posterior canal or sinus. Teleoconch translucent; uniform pale fawn- 
cream except for narrow red-brown spiral lines in centre of peripheral and next lower spiral 
interspaces where they cross varices; inner lip collar pale pink. Protoconch solid opaque white, 
very small, low, wide, of 1.3 almost smooth, loosely coiled whorls, bearing very fine axial costellae 


and very fine spiral threads over last quarter-whorl (probably abraded from remainder of 
protoconch). 


Dimensions 
Height 13.5 mm, diameter 9.4 mm. 


Material 


Ellensbrook Beach, north of Margaret River and south of Cowaramup Bay, southern Western 


Australia, cast up on beach, 21 October 1985, Mrs W. Anson ; holotype only (WAM 285-87, Western 
Australian Museum, Perth). 


Remarks 


Sassia ansonae is the most elaborately and beautifully sculptured of all Ranellidae, and its 
exceedingly prominent sculpture easily distinguishes it from all previously named species. The 
holotype had small bryozoans (now removed) attached in most hollows of both exterior and 
interior, but is otherwise in a very fresh condition. The few-whorled protoconch indicates that 
Sassia ansonae is likely to have lecithotrophic development, and so to have a limited geographic 
range in southern Western Australia. S. ansonae is apparently among the rarest of all Ranellidae, 
as Mrs Anson has found only the one specimen during many years of diligent collecting. 
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Etymology 
i have great pleasure in naming this species in honour of its collector, Mrs Wendy Anson, whose 


patient collecting of small Western Australian molluscs over many years has greatly increased our 
knowledge of the fauna, as well as enriching museum collections. 
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FIGURE 1. Sassia (Austrotriton) e 


ssia tr pitrema (T. Woods, 1877), apex of the specimen from Cape Howe 
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EEE anne! as a steep but rapidly fattening, weakly concave sutural ramp 
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FIGURES. 2-11. The four known specimens of Sassia (Austrotriton) epitrema (T. Woods). 
FIGURES 2-5. HMAS "Kimbla" sta. K7/73-2, off Cape Howe, Victoria-NSW border, 274 m, 20 Nov. - 
1973; F53168, Museum of Victoria; x 2.5. 

FIGURES 6, 8. Holotype, “Tasmania”; TM5269a, Tasmanian Museum; x 2.0 (photo. W.F. Ponder). 
FIGURES 7, 10. “Circular Head”, Stanley, north coast of Tasmania, Mrs Eddie; C18661, Australian 
Museum; x 2.0. 

FIGURES 9, 11. Scallop dredgings off northwestern Tasmania, other data and dimensions not 
recorded, in a private collection (x 3?); specimen illustrated by Phillips (1985) (photo. J. Phillips). 
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FIGURE 12-17. Sassia (Cymatiella) ansonae п. sp., holotype, Ellensbrook Beach, southern Western 
Australia, Mrs W. Anson; WAM 285-87, Western Australian Museum. Fig. 12 — oblique dorso- 
basal view, x 5.0. Fig. 13, 15, 16 — x approx. 5.5. Fig. 14 — apical view, x 4.9. Fig. 17 — enlargement 
of sculpture above and to left of aperture in Fig. 15, x 20. 





Sassia 9 





FIGURE 18-21. Sassia (Cymatiella) ansonae n. sp., holotype, protoconch. Fig. 18 — apical view, 
x 28; Fig. 19, 21, lateral views, x 37; Fig. 20 — enlargement of protoconch termination in Fig. 19, 
showing fine spiral sculpture, x 144. 
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Zonation of intertidal epifauna on jetty piles 
in Moreton Bay, Queensland. 
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T.S. Hailstone 


Department of Zoology, University of Queensland, 
St. Lucia, Queensland 4067. 


ABSTRACT 


Zonation of intertidal macrofauna on hard substrates has never been described for 
Australian sheltered shores as in Moreton Bay. Zonation was studied on jetty piles, which 
form a suitable habitat for intertidal organisms. The observed zonation patterns and species 
composition were profoundly different from those of southern Queensland exposed shores. 
It is postulated that these differences are related to differences in intensity of wave action 
and considerable variations in salinity and temperature regimes. 


INTRODUCTION 


Reviews of zonation on rocky shores have been published by Stephenson and Stephenson (1972), 
Lewis (1964), and Knox (1963). These studies dealt with communities on exposed rocky shores 
throughout the world, in Britain, and in Australia respectively. In Australia, Endean et al. (1956) 
studied the zonation patterns at many localities along the Queensland coast, following the studies 
of Dakin et al. (1948) along the New South Wales coastline. Subsequently, investigations on NSW 
exposed shores have been conducted by Underwood (1981). In all of these eastern Australian 
studies, little mention was made of zonation in sheltered rocky situations. The shores of Moreton 
Bay (southern Queensland) are sheltered from major wave action and therefore they differ from 
the exposed shores described by Endean et al. (1956) and Underwood (1981). The present paper 
reports on zonation on some hard substrates in Moreton Bay to determine whether there are 
major differences in zonation patterns between exposed and sheltered substrates at the same 
latitude. 


Hard substrates colonized by intertidal organisms in Moreton Bay include not only rocky shores 
and mangrove trees, but also man-made rock walls, breakwaters, jetty piles and navigation beacons. 
Rocky shores, rock walls and breakwaters are often irregular in surface shape and they have various 
degrees of slope. Jetty piles and navigation beacons have smoother, more homogeneous surfaces 
and near vertical slopes. The present paper concentrates on jetty piles because they provide very 
convenient surfaces for the study of zonation patterns. In Australia, the only other published study 
of jetty pile biota (Kay and Butler, 1983) was conducted in southern temperate waters. Since they 
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concentrated on subtidal sessile organisms, this present paper is the first to deal with zonation 
of intertidal organisms on jetty piles. 


MATERIALS AND METHODS 


Study area 

Moreton Bay is a large estuary closed off from the South Pacific Ocean by Moreton and North 
Stradbroke Islands on the east and a number of smaller islands in the south (Fig. 1). Moreton Bay 
is 64 km long from north to south and its maximum width is 32 km. Several rivers enter the bay 
and they can cause considerable fluctuation in water salinity. Surface water salinities, as measured 
by Stephenson (1968) and Greenwood (1973) usually fluctuate between 30.5%o and 36.5%o. Lower 
salinities usually occur during January to March, especially in and near the mouths of rivers, and 
coincide with periods of high precipitation. Surface water temperatures range between 14.89C 
in July and 27.1°C in February (Vohra 1965, Greenwood 1973). The tidal range in Moreton Bay 
can exceed 2.5 m, but is usually smaller. The tidal influx occurs along a north-south axis, the flood 
tide takes a southerly direction and the ebb tide a northerly (Newell, 1971). 


Both study sites, Wellington Point and Dunwich, are situated in the southern part of the bay. 
Wellington Point is a small promontory on the mainland and Dunwich is asettlement on the western 
side of North Stradbroke Island. The jetties at both Wellington Point and Dunwich are situated 
in an east-west position; the one at Wellington Point pointing eastward from high tide level and 
one at Dunwich pointing westward. The jetty deck surfaces are supported at constant intervals 
by pairs of wooden piles that are encased in concrete cylinders to deter the activities of wood 
borers. At high tide, these cylinders are partly or wholly submerged, depending on the height 
of the tide and the tidal level of the pile on the shore. At low tide, some piles are completely 
exposed to air while others are still partly submerged. 


Method of sampling 

At each jetty the zonation patterns were studied for an eight month period between March 
and November, 1984. Four pairs of jetty piles ranging from high tidal levels to low tidal levels were 
investigated. On each jetty pile the outside and inside pile surface were investigated separately. 


The following six tidal heights were used to standardize levels on the jetty piles (Department 
of Harbours and Marine, 1984): Mean High Water of Spring (M.H.W.S.) at a height of 2.0 m above 
datum, Mean High Water (M.H.W.) at 1.9 m above datum, Mean High Water of Neap (M.H.W.N.) 
at 1.6 m above datum, Mean Level (M.L.) at 1.0 m above datum, Mean Low Water of Neap 
(M.LW.N.) at 0.6 m above datum, and Mean Low Water of Spring (M.LW.S.) at 0.2 m above datum. 
The terms “supralittoral fringe", “midlittoral zone" and “infralittoral fringe", as proposed by 
Stephenson and Stephenson (1972), were used to describe the littoral zones. 


At the beginning of the study the M.HW. level was marked with paint on all piles involved 
in this study. Determination of the vertical zonation pattern on any one surface of a pile involved 
observations of the vertical distribution range of each macrobenthic species in relation to the 
known positions of standard tidal levels. 


The relative density of a species at a particular tidal level was estimated by counting the number 
of individuals that could be observed in an area of approximately 0.06 m? (i.e., a quadrat 15 cm 
high and 40 cm wide). These counts were recorded in the following scale of relative density: 
present: 1 to 5 specimens found; common: 6 to 15 specimens found; very common: 16 to 25 
specimens found; abundant: more than 25 specimens found. The zonation patterns are presented 
in bar diagrams. Open bars represent the outside faces and shaded bars represent the inside faces. 
The diagrams are the result of composite observations over the entire eight month period. 


RESULTS 


Wellington Point Jetty 
Fig. 2 shows the abundance and zonation patterns formed by intertidal organisms on a 
representative pair of jetty piles. On all pile faces, three major zones can be distinguished. 
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The supralittoral fringe was dominated by Littoraria articulata (Philippi) (Reid, 1986). The top limit 
of distribution was often formed by the top of the concrete cylinder that surrounded the wooden 
jetty piles. The lower limit of abundance varied between 1.35 m above datum and M.H.W.S. The 
midlittoral zone was dominated by both the barnacle Balanus amphitrite Darwin and the oyster 
Saccostrea commercialis (Iredale & Roughley). B. amphitrite was most abundant directly below 
the L. articulata zone, but the zone of its abundance could reach as far down the pile as 0.72 
m above datum. The zone of abundance of S. commercialis could range from above M.H.W.N. 
to beneath M.LW.N. into the infralittoral fringe. Although the transition from one zone to the 
other was gradual, the limits of each zone were much the same on all the piles. 


Besides these three dominant species, several other less abundant species inhabited the pile 
surfaces. A second species of barnacle, Elminius modestus Darwin, occurred infrequently in small 
numbers. They were only found above M.HW.N. and they did not exceed the top limit of 
distribution of B. amphitrite. The number of E. modestus compared to the number of B. amphitrite 
was almost negligible. The second littorinid Bembicium auratum (Quoy & Gaimard) and the limpet 
Patelloida mimula (Quoy & Gaimard) were present on nearly all pile surfaces. They usually inhabited 
the oyster shells in the midlittoral zone. Small numbers of oyster borers, Morula marginalba 
(Blainville), were observed on oyster shells on some pile surfaces in the midlittoral zone between 
M.L. and M.HW.N. The siphon limpet Siphonaria zelandica Quoy and Gaimard and the trochid 
Austrocochlea constricta (Dillwyn) were present in relatively small numbers at the lower end of 
the pile surfaces. S. zelandica could only be observed directly attached to the concrete surface 
and not on the oyster shells. Although A. constricta was occasionally found as high as M.HW.N., 
a preference for a habitat in the lower shore was supported by a more frequent presence of A. 
constricta on the small rocks surrounding the jetty piles. f 


A comparison of the various zonation patterns on jetty piles at different tidal levels across the 
shore showed that the abundance of most species decreased on the shoreward piles. This decrease 
was more pronounced on pile surfaces facing the sun for a major part of the day than on pile 


surfaces in a shady position. 


Dunwich jetty 

The zonation patterns on a pair of jetty piles characteristic for the Dunwich jetty are shown 
in Fig. 3. All pile surfaces were nearly completely covered with the oyster S. commercialis, and 
there were usually several layers of oysters. S. commercialis was the overall dominant species on 
all the jetty piles. Only in a narrow zone at the top of a pile, above M.HW., the barnacle B. amphitrite 
could be observed as the most abundant species. On the piles at the highest end of the shore, 
however, B. amphitrite was completely absent or only present in small numbers. In the midlittoral 
zone the hairy mussel Trichomya hirsuta (Lamarck) was abundant. Its distribution ranged from 
the bottom of the concrete cylinder up to M.H.W.N. The mussels were found in clumps mixed 
with the oysters. On the first pair of jetty piles at the highest end of the shore, T. hirsuta was only 
observed in small numbers on one of the pile surfaces. The distribution of the limpet P. mimula 
and the littorinid B. auratum ranged from M.LW.N. to M.H.W.S. The distribution range of both 
species did not seem to exceed that of S. commercialis. Their density could range from present 
to very common or abundant. The oyster borer M. marginalba was common on most piles between 
M.L. and M.H.W. The chiton Acanthopleura gaimardi (Blainville) could also be found commonly 
between M.LW.N. and M.H.W. The clusterwink Planaxis sulcatus (Born) was found in small numbers 
at mid to high shore levels. The trochid A. constricta inhabited the lower parts of the concrete 
cylinders in small numbers. Very small numbers of the siphon limpet S. zelandica were occasionally 
found, but on most pile surfaces S. zelandica was absent. 


DISCUSSION 


The zonation patterns formed by intertidal organisms on the Wellington Point and Dunwich 
jetty piles differ profoundly from those described by Endean et al. (1956) and Underwood (1981). 
The littorinids Nodilittorina pyramidalis Quoy and Gaimard and Littorina unifasciata (Gray) that 
dominate the exposed shores above M.H.W.S., are replaced by Littoraria articulata in the Moreton 
Bay area. The zone, formed by the barnacles Chthamalus antennatus Darwin and Tesseropora rosea 
(Krauss), which is so characteristic of the exposed southern Queensland coast (Endean et al., 1956), 
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is absent on sheltered Moreton Bay shores. These barnacles are replaced by another barnacle, 
Balanus amphitrite, and an oyster, Saccostrea commercialis in the same zone. The littorinid 
Bembicium nanum, a common inhabitant of the exposed rocky shores in southern Queensland 
and in New South Wales, is replaced in Moreton Bay by the closely related species Bembicium 
auratum. Although Endean et al. (1956) identified the exposed rocky shore species as Bembicium 
melanostoma, according to Anderson (1958) this should have been B. nanum. Some of the less 
common species that are present on the sheltered shores of Moreton Bay, like Morula marginalba, 
Austrocochlea constricta and Acanthopleura gaimardi were also recorded by Endean et al. (1956) 
and Stephenson and Stephenson (1972) from exposed shores in southern Queensland. These results 
show that different marine environments, although in close proximity of each other, can result 
in a different species composition. 


A comparison of the zonation patterns on the Wellington Point and Dunwich jetty piles reveals 
basic similarities, although some particular differences do exist. The absence of Littoraria articulata 
on the Dunwich jetty piles might be explained by the limited height of these piles, not exceeding 
M.H.WS. The distributional range of L. articulata on a rocky shore adjacent to the Dunwich jetty 
does not support this height explanation. The discrepancy in distribution may be explained by 
the presence of a mangrove forest in close proximity of the Wellington Point jetty. L. articulata 
appears to be acommon inhabitant of these mangroves (Morgan and Hailstone, 1986). If L. articulata 
is considered as an inhabitant of mangrove forests, its absence from the Dunwich jetty piles and 
rocky shore can be explained by a lack of suitable trees in close proximity to the Dunwich jetty 
and rocky shore. 


The presence of Trichomya hirsuta on the Dunwich jetty piles can be explained by the position 
of the jetty piles there at lower tidal levels than the Wellington Point ones. Drier conditions on 
the pile surfaces at higher tidal levels apparently prevent the establishment of a mussel zone. 
Inspection of jetty piles at low tidal levels showed the presence of an oyster zone in the infralittoral 
fringe and at subtidal levels. 


The density of B. amphitrite and 5. commercialis seem to depend on the distance of the pile 
from the shore. At higher tidal levels, the density of these species decreases, possibly because 
of increased periods of exposure to air. Pile surfaces facing the sun for a major part of the day 
showed further decreases in species density. The density of L. articulata does not seem to be 
influenced by the position of the pile across the tidal gradient. This species seems to be able to 
tolerate long periods of exposure to air due to its habitat above M.H.W.N. 


Comparing the north and south piles at the same tidal levels, no major differences in distribution 
and abundance could be observed for most species. At Wellington Point, the south facing piles 
(Fig. 2B) are in a more shaded position compared to the north facing piles (Fig. 2A), which face 
the sun for a major part of the day. Especially on the more shoreward piles this results in a marked 
decrease in species density and distribution on the north facing piles. Some of the less common 
species, such as S. zelandica and A. constricta, do occur in somewhat higher numbers and in a 
wider range on the south facing piles where moister conditions prevail. 


The present study concentrates only on Moreton Bay jetty pile fauna. The species composition 
and distribution on Moreton Bay rocky shores, however, appears to be very similar to that on 
the jetty piles. The specific zonation patterns and species composition on the Wellington Point 
and Dunwich jetty piles are probably related to the different physico-chemical conditions that 
prevail in Moreton Bay. Wave action is less intense than on exposed shores and the fluctuations 
of salinity and temperature are greater than in the open ocean. Further research on the 
Bales) tolerance of intertidal organisms will be carried out in order to explain their tidal 

istribution. 
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FIGURE 1 Topographic map of Moreton Bay with study sites. 
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FIGURE 2 Zonation patterns on a representative pair of Wellington Point jetty piles. A. Pile on 
north side of jetty. B. Pile on south side of jetty. The dashed lines indicated the top and bottom 
of the concrete cylinders. Open bars represent the outside faces and shaded bars represent the 
inside faces of the piles. (N.B. Key to species density as shown on photograph) 
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FIGURE 3 Zonation patterns on a representative pair of Dunwich jetty piles. A. Pile on south 
side of jetty. B. Pile on north side of jetty. Key as in Fig. 2. 
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Theonly published statement, that has been located, on the emergence behaviour of Onchidium 
damelii Semper 1882, is a single sentence comment by Dakin (1947) referring to a temperate region 
population in New South Wales. 


The present observations were made at Cockle Bay, Magnetic Island (19° 11S, 146° 50'E) offshore 
from Townsville, Queensland. This study site was chosen due to the accessibility of the area; the 
more typical North Queensland mangrove flora than on the adjacent mainland; and the local 
abundance of Onchidium damelii. Shanco (1975) has given a general listing of the molluscs of 
Magnetic Island wetlands and the mangrove stands in the area have been described as typical 
of the north eastern Australian mangrove flora (Macnae, 1966; Spenceley, 1982). 


Kenny and Smith (1987) have described the distribution and population density of O. damelii 
relative to the flora, tidal heights and substrate at this location. The vertical tidal range of the species 
extends from approximately mean low water to mean high water, of neap tides and spreads through 
substrates of mud and sandy mud, as well as areas of mangrove. The mean spring and neap tidal 
ranges for Townsville harbour are 2.27 m and 0.59 m respectively (Queensland Department of 
Harbours and Marine, 1981). Easton (1970) described the tidal pattern for the area as semidiurnal 
with significant diurnal inequality. 


The study area was visited on 68 occasions (February to November, 1981 — 33 visits; March 
1982 to January, 1984 — 26; July, 1985 — 6; July, 1986 — 3). Each visit was of several hours duration 
and observations were carried out at different stages of the tidal cycle and at various times of 
the night and day. Counts of emergent animals were made on four square metre units along 
standard strip transects and on random one square metre quadrats (see Kenny and Smith, 1987). 
General observations were made at each visit to the study area, as well as quantitative estimates. 
A total of 115 quantitative observations were made. 
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The greatest populations of Onchidium occurred in the following areas: (1) the Avicennia 
mangrove zone (near mean low water, пеар tide); (2) the seaward Rhizophora mangrove zon& 
(near mean sea level); and (3) the seaward Ceriops mangrove zone (near mean high water level), 
In these areas, where the substrate was suitable (see Kenny and Smith, 1987, in press) and during 
spring tide low water, middle of the day, daylight (times of maximum emergence), the mean counts 
of animals ranged from 0.9 + 0.4 (S.D.) m? to 1.6* 0.4 (S.D.) m? (47 observations). 


Quantitative observations of emergent animals from these three areas, in relation to tidal, diurna] . 
and environmental conditions, produced the following results: (1) No Onchidium individuals 
occupied the tidal marsh areas when they were covered by seawater during the day or night (19 
observations). (2) No animals emerged during the night when these areas were exposed to air 
(12 observations). (3) Few individuals (less than 0.01 m" range, 0 to 0.02; 9 observations) were 
observed during daylight neap tides when areas suitable for emergence were covered by seawater 
for only short periods of time, or not at all, over several days. (4) The number of animals emerging 
in areas, known to have high population densities, was low (less than 0.03 m? range, 0 to 0.07; 


23 observations), when spring low tides occurred during the day, prior to 0900 or after 1600 hours 
local time. 


General observations (5 observations) suggest that emergent onchidian numbers were 
considerably reduced when raining or when overcast, even at times of suitable tidal and diurnal 
conditions. In each population, animals appeared on the substrate surface (assuming suitable 
emergence conditions) after the descending water level had passed the particular area and 
approximately two hours prior to the time of low water. For any one population there was 
coincidence of emerged timing for individuals. No difference in emergence pattern, related to 
size of individuals, were noted. Animals remained active on the substrate surface for three to four 
hours but burrowed prior to being covered by the rising tide. 


O. damelii emerged during low tide to feed and to reproduce. The control of O. damelii 
emergence during times of low tide appears to be determined by the tidal cycle; and a diurnal 
pattern but is apparently modified by physical factors, such as time and height of low tide, darkness 
and rain. Dakin (1947) described O. damelii as being active for two hours on falling tides only, 
but did not comment on any factors which may modify this pattern. The recorded absence of 
animals from the mud surface during night low tides is matched by the report (Arey and Crozier, 
1921) that О. floridanum does not emerge at night, but О. verruculatum (changed from О. регопії 
by the author) has been observed feeding at night (McFarlane, 1979). The factors modifying the 
tidal pattern of activity are apparently not the same for different species within the Onchidiidae. 
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ABSTRACT 


The natural diet of juvenile Haliotis laevigata Donovan and Haliotis scalaris Leach was 
examined at West I., South Australia. Crustose coralline algae are the principal food eaten 
by both species from a length of 5 to 10 mm. From 10-20 mm length the diet switches to 
dead seagrass blades and drift algae such as Lobospira bicuspidata and Asparagopsis armata; 
geniculate coralline algae also become more important with increasing length. Large brown 
algae such as Ecklonia radiata, Sargassum spp. and Cystophora spp. which dominate the 
habitat are avoided. 


Crustose corallines are rasped from the rocky substratum whereas the drift algae lie 
between and under boulders where they are captured by the abalone. 


From about three years of age, both abalone species occur in higher densities in deeper 
water where they are presumed to migrate to feed on the preferred food - algae, which 
are abundant there as drift. 


INTRODUCTION 


The need to understand the recruitment process in commercial species of abalone has focused 
increasing attention on the ecology of juveniles. The food and feeding of juveniles is an important 
aspect of niche that has been little studied, and is also of increasing relevance in mariculture. The 
food of newly metamorphosed abalone larvae has been examined by Garland et al. (1984) and 
the availability of food on crustose coralline algae by Lewis et al. (1985). Other studies of juvenile 
feeding of abalone are by Tomita and Tazawa (1971), Leighton (1972) and Bucher (1984). 


Haliotis laevigata Donovan and Haliotis scalaris Leach recruit onto crustose coralline algae on 
and under boulders at West I. and remain in the same micro-habitat for several years (Shepherd 
and Turner 1985, Shepherd in prep). Subsequently these abalone species move to less cryptic sites 
where they feed on drift algae (Shepherd 1973). 
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In this paper we describe the food eaten by juveniles of these abalone species at the study 
site at West l., South Australia (35° 37S: 138° 35'E) where the earlier studies on their recruitment 
have been done (Shepherd 1973). A map of the site is given by Kangas and Shepherd (1984). 


MATERIALS AND METHODS 


The north shore of West 1. is a boulder slope with rounded boulders mostly of 30-40 cm greater 
diameter and 20-30 cm lesser diameter from 0.5 to 5 m depth. Sixty-one H. laevigata and 114 H, 
scalaris from 4-70 mm long were taken in October and November 1986 during morning dives, 
Each abalone was dissected and the contents of the digestive tract spread out onto a slide under 
a coverslip and examined under a binocular microscope (x20). A grid with 25 intersections was 
placed under the slide and the alga at each intersection was identified to species or species-group 
to give the relative abundance by volume of food algae. Algae were categorised as crustose 
corallines, filamentous algae, green, brown or red macro-algae and seagrass according to the 
functional group approach previously used at the site for other molluscan herbivores (Steneck 
and Watling 1982, Kangas and Shepherd 1984). The presence of crustose calcareous material in 


the gut contents was tested with dilute HCl. For macro-algae and seagrass it was possible in most 
cases to identify the taxon to species. 


Densities of H. laevigata and H. scalaris were estimated by counting and measuring all individuals 
in situ in 36 to 40, 0.25m? quadrats placed haphazardly at 3, 4 and 5 m depths on the boulder 
slope at the study sites. Individuals were then aged by using the age-length curve derived for 
each species (Shepherd 1988, Shepherd et al. 1988). Drift algae were collected during the period 
at the same depths by qualitative and quantitative methods; the former covered the whole study 
site and were used to calculate the relative abundances of algal species with depth, and the latter 
(five replicates of 0.25 m? at each depth interval) to determine absolute abundances of algal drift. 
Ivlev's (1961) electivity index (E) was calculated with the following formula: 

EZ r-p 
г+р 


where г = the relative abundance of a prey item in the gut and p = the relative abundance of 


the same item in the habitat. A positive value indicates preference and a negative value avoidance. 
The index ranges from -1 to +1. 


RESULTS 


The proportional abundance of algal or seagrass species groups in the digestive tract of H. 
laevigata and H. scalaris grouped in 10 mm size classes is shown in Fig. 1. No individual <5 mm 
long was found to have macro-algae or calcareous fragments of crustose corallines in the gut. 
At 5-10 mm length the diet of both species is largely calcareous fragments of crustose coralline 
algae. From 10-22 mm length the abalone switch increasingly to a diet of erect algae and by 25- 
30 mm length crustose corallines are of little importance as food. From about 25-70 mm changes 
in the diet are minor for both abalone species. Comparison of the kite diagrams in Fig. 1 shows 


high similarity in the diet between abalone species, except that H. laevigata to a length of 20 mm 
takes relatively more crustose coralline algae. 


The seagrasses eaten (Fig. 1) are mainly dead blades of Heterozostera tasmanica, and occasionally 
Posidonia sinuosa or Amphibolis antarctica. Green macro-algae eaten are mostly Caulerpa brownii, 
brown macro-algae mostly Lobospira bicuspidata, with a little Pachydictyon paniculatum, and red 
macro-algae mostly Asparagopsis armata with small amounts of Plocamium spp. ‘Filamentous algae’ 
are polyphyletic and include ectocarpoid species and Polysiphonia sp. Geniculate corallines are 


mostly Haliptilon roseum, with lesser amounts of Amphiroa anceps, Cheilosporum elegans and 
Jania sp. Crustose corallines were not identified. 


The mean relative percentage composition of drift algae at 3-5 m depth at the study site (Fig. 
2) shows that, at the time of the study, red algae (mostly Asparagopsis armata) and species of brown 
macro-algae were the most common drift algae. The attached algal flora in the habitat is an upper 
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stratum of Ecklonia radiata and Cystophora spp. and a middle stratum largely of geniculate (erect) 
corallines (see also Kangas and Shepherd 1984). 


Electivity indices were calculated for the 5 groups of drift algae or seagrass consumed using 
the average proportions of each group consumed by each abalone species over the length range 
20-70 mm at 4-5 m depth. The results (Fig. 2) show that the large brown macro-algae (Ecklonia, 
Cystophora spp. and Sargassum sp.) and to a less extent seagrass are avoided, red algae (both fleshy 
species and geniculate corallines) are taken more or less in proportion to their abundance, and 
Lobospira, a smaller brown alga, is strongly favoured. 


The vertical distribution with depth of successive age classes of H. scalaris and H. laevigata (Fig. 
3) shows that whereas densities of 0+ to 2+ age classes differ little over the depth range examined, 
the 3+ and older age classes of both species are in higher densities at 4 and 5 m depths. 


DISCUSSION 


The diet of individuals <5 mm long could not be investigated by the methods used. However 
Garland et al. (1985) and Norman-Boudreau et al. (1986) have shown that abalone in the length 
range of 0.5 - 2.5 mm scrape the surface of crustose corallines and rasp the cuticle, consuming 
both epibiota (Lewis et al. 1985) and part of the epithelium. This study shows that from a size of 
about 5 mm the abalone radula must be able to penetrate more deeply and remove crustose 
material. Padilla (1985) demonstrated, contrary to earlier hypotheses (e.g. Steneck and Watling 1982), 
that less force is required by the radula to remove crustose coralline algae than macro-algae. Thus, 
until a length of at least 10 mm crustose coralline algae and their epibiota are the main source 
of food of these abalone and so provide a basis for their coralline habitat dependence earlier 
observed by Shepherd (1973), and Shepherd & Turner (1985). 


The food algae eaten by these abalone could be obtained by rasping the rock surface or by 
catching drift algae. Of the 7 categories of food eaten (Fig. 1) only crustose corallines can be 
unambiguously concluded to have been taken by rasping. Crustose corallines are epiphytic on 
Posidonia and Amphibolis leaves, but the amounts of these seagrasses taken are negligible, and 
would at best account for only a small fraction of the coralline algae in the gut. Filamentous algae 
are variously epilithic or epiphytic on drift seagrass, and could be taken by either mode of feeding. 
The remaining categories of food are only present as detrital drift. 


Neither species of abalone have ever been observed to emerge at night on the upper surfaces 
of boulders, or to feed on or under boulders by day. However, we have observed while diving 
during a moderate swell that juveniles adopt the feeding posture (elevated shell and extended 
foot) described by Shepherd (1973) for adult abalone, apparently preferring to catch passively rather 
than search actively for food. Hence we conclude that at this site both abalone species from a 
length of 10-20 mm, feed largely on drift algae trapped between or under boulders. The 
dependence of both abalone species on drift algae may explain why their diets are nearly identical 
in species composition. 


This study does not address the question of possible bias due to the effects of differential digestion 
of algae. Because coralline algae and seagrass may remain identifiable in the gut for a longer time 
than, for example, small pieces of filamentous algae, our results may under-estimate the importance 
of the latter. However, we sought to minimise such bias by ensuring that all collections were taken 
in morning dives. 


A mixed algal diet in which corallines and red algae are important has been reported elsewhere. 
Bucher (1984) found that juvenile H. rubra fed and grew more rapidly on a diet of red algae than 
on either Ecklonia or Sargassum. Tomita and Tazawa (1971) found that Haliotis discus hannai in 
its first year ate corallines and the seagrass Phyllospadix, and in its second year a mixed diet of 
seagrass, Dictyota and numerous red algae. H. laevigata reaches a length of about 20 mm in one 
year, and H. scalaris about 14 mm (Shepherd et al. 1985, Shepherd, 1988) so that their shift in diet, 
as for H. discus hannai, occurs at about one year of age. An important difference, however, is 
that H. discus hannai also feeds on considerable amounts of animal matter in its first year. 
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The factors determining food selection are poorly known. Both chemical attractants and 
deterrents have been identified in algae (Harada and Kawasaki 1982, Harada et al. 1984, Steinberg 
1984, 1985) but the role of each remains uncertain. The feeding rate of adult H. laevigata on the 
various available brown algae at West 1. is inversely correlated with the phenolic levels of the species 
concerned (Shepherd and Steinberg in prep.) suggesting that the amount of phenolics in brown 
algae may be of importance in determining algal preferences. 


The differential abundances of age classes of both abalone species over the depth range 
examined suggest either that animals migrate to deeper water with increasing age or that differential 
mortality or settlement has occurred. While these last two possibilities cannot be excluded, the 
most likely explanation is that older individuals move toward the sand-line at 4.5 to 5 m depth; 
here the preferred drift food, Lobospira, a brown alga, Asparagopsis and other red algae, are in 
high abundance. Current experiments are testing this hypothesis. 
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FIGURE 1 Proportional abundance of species groups in the digestive tract of (а) Н. laevigata and 
(b) H. scalaris from 5-70 mm long. Horizontal bars give the standard errors for each size class. 
Note that the vertical scale from 0-20 mm length is exaggerated to show detail. The approximate 
age-class is shown on the right vertical scale. 
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FIGURE 2 Distribution with depth of 5 categories of drift algae trapped between and under 
boulders, and Ivlev’s electivity index values for each group. 
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FIGURE3 Distribution of density of five age classes of H. scalaris and four age classes of H. laevigata 
at the study site at West I. Standard errors are shown by symbols: 0.40 — 0.60 — squares; 0.25 
— 0.40 — triangles; < 0.25 — circles. 
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ABSTRACT 


Seven new species and subspecies of camaenid land snails from northeastern Western 
Australia are described or discussed. The species all have very restricted ranges, and are 
found near the Northern Territory border in the area from both sides of the Cambridge 
Gulf in the north, to the hills lying southeast of Turkey Creek. The six described species 
and subspecies are: Amplirhagada cambridgensis from the Lyne River on the west side of 
Cambridge Gulf; Amplirhagada osmondi from the Osmond Range-Palms Yard area 
southeast of Turkey Creek; Ordtrachia elegans from an isolated outlier of the Jeremiah Hills 
northeast of Kununurra; Ningbingia australis elongata and Cristilabrum rectum from the 
Ningbing Ranges north of Kununurra; and Mesodontrachia cockburnensis from the 
Cockburn Range southwest of Wyndham. Another probable new species of Cristilabrum 
from the Ningbing Ranges currently is represented by very limited material. It is not described 
at this time, but is illustrated for future-reference. 


INTRODUCTION 


The camaenid land snail fauna of the Kimberley has been revised recently in a series of 
monographs (Solem, 1979, 1981a, 1981b, 1984, 1985b), which recorded 137 species, compared with 
the 17 listed by Hedley (1916: 68-70) and 32 reviewed by Iredale (1939: 46-73). Despite this increment, 
I stated ^. . . it is probable that at least a doubling of species numbers will occur when other parts 
of the Kimberley are explored for land snails” (Solem, 1985b: 976). This prediction was based upon 
the facts that most of the known species show very restricted ranges, and much of the Kimberley 
remains uncollected. 


This paper begins the process of naming additional taxa. 


The species described below were discovered in the course of 1980 and 1984 field work by 
the author, and a survey of the Bungle Bungle area and neighbouring regions by Phil Colman 
and Vince Kessner in 1986. The latter trip was sponsored by the Australian Museum, Sydney. A 
number of additional new species have been discovered, but their description is postponed 
pending further study. Documentation of the few species described here is a necessary prelude 
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to summarizing the biogeography and variation of the amazing land snail radiation in the Ningbing 
Ranges. 
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SYSTEMATIC REVIEW 


Data concerning the range of shell variation (Table 1) and patterns of local population variation 
(Tables 2-3) should be compared with the relevant tables in Solem (1981a, 1981b, 1984, 1985b). 
Cross reference is given to comparative figures in these reports rather than reproducing illustrations. 
Plates 1-3 record basic shell sculpture and some details of the few radulae that show unusual 
features. Comments that place these species within generic phylogenetic and biogeographic 
contexts precede the individual descriptions. 


Specimens from each station are listed as to number of live adults (LA), dead adults (DA), live 
juveniles (LJ), and dead juveniles (DJ). Latitude and longitude coordinates are provided for each 
station as an aid to relocating the exact populations. Anatomical abbreviations on the text figures 
are the standard ones used in previous monographs in this series (Solem, 1979, 1981a, 1981b, 1984, 
1985), and usually are included in the text concerning that dissection. 


Genus Amplirhagada Iredale, 1933 


The monograph of Amplirhagada (Solem, 1981a: 148-320) has been supplemented by a few 
additional records (Solem, 1985b: 935-940). Patterns of shell and radular variation in species of the 
Napier Ranges, where Amplirhagada becomes sympatric with Westraltrachia, have been reviewed 
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separately (Solem, 1985a). The latter paper documents the dramatic conchological changes that 
may occur as the result of sympatric species interactions. 


Key structures in recognizing species of Amplirhagada are found in the penis chamber, with 
the main stimulatory pilaster (PT, Figs 7-8, 10-11) usually being diagnostic. Variations in shell colour, 
shape, and sculpture generally are subtle, with many convergences. The greatest variation in pilaster 
structure occurs when species are microsympatric (Solem, 1981a: 171-176, figs 36-37). Allopatric 
taxa would not be subject to selection pressure for such structural alteration. Thus the strong 
similarity in pilaster sculpture between A. cambridgensis (Fig. 8) and A. osmondi (Fig. 11) may 
indicate retention of a generalized feature. The differences in their pilaster widths and lengths 
(Figs 7, 10) are equivalent to differences found between many West Kimberley taxa that are 
microsympatric. 


There is a distinct difference in radular structure between Amplirhagada cambridgensis (Plate 
2c-d) and A. osmondi (Plate 2e-f). The former has the cusp tip less curved, the point sharper, the 
cusp angle lower, and there is a more gradual transition between lateral and marginal teeth. In 
A. osmondi, the cusp shaft has a higher angle, the tip is blunter and more sharply curved, the 
ectocone is less prominent, and there is a rather abrupt transition between lateral and marginal 
teeth. 


Amplirhagada cambridgensis has the more generalized structure. Its habitat is shared with a 
larger camaenid, Xanthomelon obliquirugosa (Smith, 1894), that apparently aestivates by burrowing 
down into the soil. The Lyne River area almost certainly has a longer wet season with a greater 
amount of rain than is found in the area where A. osmondi lives. The latter species occurs with 
an as yet unnamed species of Ordtrachia, which is smaller in size. The altered tooth structure of 
A. osmondi may indicate feeding specialization in what probably is a more stressful habitat. 


Both species provide a notable change in generic range over that mapped previously by Solem 
(1981a: 316, fig. 73). Amplirhagada cambridgensis extends the range east from the Drysdale River 
almost to Cambridge Gulf, while A. osmondi lives significantly southeast of the Chamberlain- 
Pentecost Rivers junction, the previous southeasternmost record. 


Amplirhagada cambridgensis, new species 
(Plates 1a, 2c-d; Figs 1-3, 7-8) 


Comparative remarks 

Amplirhagada cambridgensis, new species, from the Lyne River basin on the west side of 
Cambridge Gulf, is a relatively large (mean diameter 19.99 mm), narrowly umbilicated (Fig. 3) 
species, with rather high spire (Fig. 2), and a faint trace of a narrow, slightly supraperipheral, spiral 
colour band. A weak lip node is present (Fig. 2). The rounded shell periphery and relatively strong 
radial sculpture (Plate 1a) are obvious differences from A. drysdaleana Solem (1981a: 185-188, pl. 
12d, figs 38c-d) from the Drysdale National Park, and A. questroana Solem (1981a: 188-194, pl. 
12e, figs 38a-b) from near the junction of the Chamberlain and Pentecost Rivers, southwest of 
Wyndham. A. osmondi, new species, from southeast of Turkey Creek, has different proportions 
(Table 1), and usually a more open umbilicus (Fig. 6), a slightly angulated periphery (Fig. 5), much 
weaker lip node and reduced radial shell sculpture (Plate 1b), plus a stronger supraperipheral colour 
band and a prominent subsutural red colour band (Fig. 5). Anatomically, the vagina (V) is very 
short (Fig. 7), penis about equal in length to the penis sheath, verge (PV) rather large, main pilaster 
(PT) tapering for most of length and with only weak traces of nodes on the corrugations (Fig. 
8). A. drysdaleana (Solem, 1981a: 186, figs 39a-b) has the penis much longer than the sheath, the 
verge reduced, the main pilaster consisting of one row of very large pustules, and a very long 
vagina. A. questroana (Solem, 1981a: 193, figs 40a-b) has a very short and broad main pilaster without 
nodes on the corrugations, smaller verge, but agrees more in basic wall pustulations and vaginal 
length. A. osmondi (Figs. 9-11) has a longer vagina, very narrow verge and main pilaster, plus coarser 
wall pustulations. A. kalumburuana Solem (1981a:204, figs 44a-c) differs in having sharp points on 
the main pilaster, a very long vagina, and the long penis coiled within the penis sheath. 
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Holotype | j 

WAM 142.84, Station WA-985, north branch Lyne River, west side of Cambridge Gulf, East 
Kimberley, Western Australia. 14° 48’ S, 128° 02’ E. Medusa 1:100,000 map sheet 4568 — 957:631m. 
Collected 23 May 1984 by Alan Solem, Laurie Price, and Ken Emberton. Height of shell 14.45 mm, 
diameter 20.2 mm, H/D ratio 0.715, umbilical width 0.75 mm, D/U ratio 26.9. 


Paratopotypes і 
WAM 143.84, FMNH 211718-9, 6 DA, 3 LJ, 6 DJ from the type locality. 


Diagnosis 

Shell 18.7-20.95 mm (mean 19.99 mm) in diameter, with 5%- to 6/6- (mean 576-) normally coiled 
whorls. Apex and spire moderately and evenly elevated, height of shell 12.05-14.85 mm (mean 
13.80 mm), H/D ratio 0.633-0.729 (mean 0.689). Apical sculpture (Plate 1a) weak, low and irregular 
radial ridglets present on early spire, changing to prominent and sharply defined ribs on lower 
spire and body whorl above periphery, base of shell nearly smooth. Shell periphery (Fig. 2) rounded. 
Body whorl very slightly descending behind lip, which is thin, moderately expanded (Figs 1-3) and 
with a low basal node (Fig. 2). Umbilicus (Fig. 3) almost completely covered by reflection of shell 
lip in adults, very narrowly open in juveniles, width 0.6-2.0 mm (mean 1.11 mm), D/U ratio 14.3- 
317 (mean 19.1). Shell pale in colour, a very faint supraperipheral reddish spiral band visible in 
freshest examples. No trace of other colour markings. Based on 7 measured adults. 


Terminal genitalia (Figs 7-8) with relatively short vagina (V), free oviduct (UV) and spermatheca 
(5). Vas deferens (VD) entering penis sheath (PS) at apex, reflexing to receive insertion of penial 
retractor muscle (PR), then coiled down to the point where it enters head of penis (P). Penis 
chamber (Fig. 7) with very small verge (PV), wall pilasters typical. Main stimulatory pilaster (PT, 
Figs 7-8) slender for most of length, enlarged only near apex, corrugations with only weak projecting 
tips. Central and lateral teeth of radula (Plate 2c) with moderate anterior flare, small ectocone, 
mesocone with sharp tip, and slight curve to cusp. Basal ridge prominent. Transition from lateral 
to marginal teeth gradual (Plate 2d). 


Discussion 

The holotype of Amplirhagada cambridgensis was the only live adult found. A window was 
broken into the body whorl (Figs 1-3) in order to extract the terminal genitalia for study. The structure 
of the small main pilaster (Figs 7-8) is very different from any of the West Kimberley species (Solem, 
1981a: 172-173, figs 36a-f, 37a-i), and serves to characterize this species. 


The west bank of Cambridge Gulf, as viewed from a helicopter, is relatively inhospitable looking 
snail country. There are very few talus accumulations visible even in the gorges, most slopes are 
without rock protrusion, no limestone formations were spotted, and the whole area has sparse 
tree cover. The type locality of Amplirhagada cambridgensis also yielded 14 dead examples of 
Xanthomelon obliquirugosa (Е. A. Smith, 1894) (FMNH 211721), but no other land snails. A stop 
at a likely looking hillside along the Berkeley River near the Campbell Range (ca 149 37' 30" S, 
127° 06' E) resulted in finding only “snail-free” rock piles. 


It will be very surprising if thorough surveying of this region fails to locate additional colonies 
and species, but the countryside from east of the Drysdale River to Cambridge Gulf probably 
has only scattered colonies of camaenid land snails. 


The name cambridgensis refers to the location of the species within the drainage basin of 
Cambridge Gulf. 


Amplirhagada osmondi, new species 
(Plates 1b, 2e-f; Figs 4-6, 9-11) 
Comparative remarks 
Amplirhagada osmondi, new species, from the upper Osmond and Red Rock Creek drainages, 


located south-southeast of Turkey Creek, East Kimberley, is a larger than average species (mean 
diameter 19.32 mm), narrowly umbilicated (Fig. 6), with moderately elevated spire (Fig. 5), and 
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prominent subsutural and supraperipheral colour bands. A small lip node is present in some 
populations. The bright colour bands and general proportions agree with A. questroana Solem 
(1981a: 188-194, pl. 12e, figs 38a-b), but the latter has much stronger radial sculpture and the basal 
lip always lacks a node. A. drysdaleana Solem (1981a: 185-188, pl. 12d, figs 38c-d) is much smaller, 
has a much more angulated periphery, and no basal node. A. kalumburuana Solem (1981a: 202- 
205, pl. 12f, figs 43c-d) shows a number of minor shape and colour differences. Anatomically, the 
very short vagina (V, Fig. 9), penis (P) essentially equal in length to the penis sheath (PS, Fig. 10), 
thickened spermathecal base (S), larger verge (PV, Fig. 10), and elongated main pilaster with weakly 
knobbed corrugations (PT, Figs 10-11) are diagnostic. Of the neighbouring species, A. drysdaleana 
Solem (1981a: 186, figs 36a, 39a-b) has a very long vagina, the long penis is coiled within the penis 
sheath, and the main pilaster consists of a single row of large tubercles with anterior points; A. 
questroana Solem (1981a: 193, figs 37a, 40a-b) has a longer vagina, the penis equal in length to 
the penis sheath, and a very broad main pilaster with only a few centrally located blunt points 
on the corrugations; and A. kalumburuana Solem (1981a: 204, figs 37b, 44a-c) has a very long vagina, 
the penis much longer than the sheath, and a main pilaster with more prominent points than 
in A. questroana. A. cambridgensis, new species (Figs 7-8) has a medium length vagina, small verge, 
and a greatly reduced main pilaster. 


Holotype 
AM C.150373, Station PC-52, 33.7 km southeast of Palms Yard, near Red Rock Creek, southeast 


of Turkey Creek, Kimberley, Western Australia. 17° 18’ S, 128° 26’ E. Collected 26 May 1986 by 
Phil Colman and Vince Kessner. Height of shell 12.6 mm, diameter 18.8 mm, D/U ratio 0.670, 
umbilical width 1.1 mm, D/U ratio 17.1. 


Paratopo 
AM C.150373, VK 9344, FMNH 205923, 2 LA, 16 DA, 8 DJ from the type locality. 


Paratypes 

East Kimberley: Palms Yard Outstation (PC-43, 17? 14' 30" S, 128? 15' 30" E, 25 May 1986, AM 
C.150366, VK 9338, FMNH 215266, 12 LA, 19 LJ, 19 DA, 6 DJ); 3.3 km east of Palms Yard (PC-44, 
17? 14' 30" S, 128? 17' E, 25 May 1986, AM C.150361, VK 9339, FMINH 205924, 1 LA, 35 DA, 7 DJ); 
6.2 km east of Palms Yard (PC-45, 17° 14' 30" E, 128° 18" E, 26 May 1986, AM C.150379, VK 9340, 
WAM 144.84, FMNH 205925, 5 LA, 55 DA, 7 DJ); 8.9 km east of Palms Yard (PC-46, 17° 14' S, 128° 
19' E, 26 May 1986, AM C.150417, 3 DA, 2 DJ); 19.4 km east of Palms Yard (26 May 1985, VK 9341, 
8 DA, 1 DJ); 30 km east of Palms Yard (26 May 1986, VK 9343, 2 DA, 1 DJ); Bungle Bungle Outstation 
(PC-53, 17° 20' 30" S, 128° 20' 30" E, AM C.150424, VK 9342, 10 DA, 2 DJ); 2 km from turnoff to 
Bungle Bungle Outstation (PC-54, 17° 24' S, 128° 18' E, 27 May 1986, AM C.150425, 6 DA, 2 DJ); 
Spring Creek, 7 km north of Ord River crossing of Great Northern Highway (PC-55, 17° 27, S, 
127? 58' 30" E, AM C.150367, 2 LA, 1 LJ). 


Range 

Amplirhagada osmondi has been found within a small area of the upper drainages of Osmond 
Creek and its tributary, Red Rock Creek, between Palms Yard and Bungle Bungle Outstation, plus 
an outlying locality at Spring Creek, southwest of Turkey Creek. These records are included within 
a triangle of 40x15x35 km, lying in the upper west Ord River drainage. 


Diagnosis 

Shell variable in size, 14.2-22.5 mm (mean 19.32 mm) in diameter, with 476* to 6%+ (mean 5% +) 
normally coiled whorls. Apex and spire moderately elevated, often slightly rounded above, height 
of shell 8.3-15.65 mm (mean 12.59 mm), H/D ratio 0.557-0.758 (mean 0.650). Apical sculpture (Plate 
1b) weak, inconspicuous and irregular radial ridglets on spire and body whorl, joined by weak 
incised spiral lines on body whorl. Shell base nearly smooth. Shell periphery (Fig. 5) rounded to 
weakly angled. Body whorl descending very slightly behind lip, which is thin, narrowly expanded, 
partly reflected over umbilicus, sometimes with a very small basal node present. Umbilicus (Fig. 


6) generally narrowly open, partly to nearly completely covered by reflected lip, width 0.6-2.0 mm 
(mean 1.28 mm), D/U ratio 9.71-33.2 (mean 15.7). Shell pale yellow horn in colour, with narrow, 


32 A. Solem 


bright red, subsutural and supraperipheral spiral bands. No columellar colour patch. Based on 
173 measured adults. 


Genitalia (Figs 9-11) typical of Amplirhagada, vagina (V) very short, base of spermatheca (S) 
swollen. Free oviduct (UV) long, not coiled. Vas deferens (VD) entering penis sheath (PS) at apex, 
reflexing to receive insertion of penial retractor muscle (PR), coiled to head of penis (P). Penis 
sheath (PS) with walls of lower half thickened, very thin in upper half. Verge (PV) typical in size 
and shape. Penis chamber (Fig. 10) with typical wall pustulations and a prominent main pilaster 
(PT) that has a few blunt points edging the corrugations (Fig. 11). 


Central and lateral teeth of radula (Plate 2e) with blunt tipped, curved mesocone, high cusp 
shaft angle, tiny ectocones, and massive basal ridge. Transition between lateral and marginal teeth 
abrupt (Plate 2f). 


Discussion 

Amplirhagada osmondi shows considerable variation both within and among populations. Size 
and shape differences are summarized in Table 2. The size variation is mosaic rather than linear, 
and probably involves differences in cessation of growth timing. Thus the samples from Palms 
Yard and 19.4km east of Palms Yard have small diameter and reduced whorl counts compared 
with other populations. There is more than a 4 mm difference in mean diameters among 
populations sampled, with mean whorl counts ranging from 54+ to 6+. As would be expected, 
small adults tend to have greater angulation on the body whorl than do the larger adults. I anticipate 
that there are differences in moisture retention among the sites collected, resulting in increased 
or decreased activity time, which controls growing time, and thus eventual adult size. Shape 
differences (Table 2) are minor. Larger shells have greater H/D ratios, which correlates with the 
increased whorl counts of larger shells. Individual differences in body whorl descension behind 
the lip are greater within populations than between populations. 


Presence and degree of development of a basal lip node also is variable. The small sized adults, 
with rare exceptions, lack any trace of the node, while most of the larger individuals from Bungle 
Bungle Outstation have a small, but sharply defined node near the basal-columellar margin. 
Specimens from 3.3 and 6.2 km east of Palms Yard have less prominent to no trace of such a node. 


Interpretation of the above variation will require much additional collecting and considerable 
attention to the differences in vegetational cover, rock composition, and sun exposure for each 


of the individual colonies. At present, it is only possible to call attention to some of the variation 
observed. 


The name osmondi is taken from the location of this species in the drainage of Osmond Creek, 
a tributary of the Ord River. 


Genus Ordtrachia Solem, 1984 


Ordtrachia is a limestone associated genus previously (Solem, 1984: 647-670) known from four 
species ranging along the east shore of Lake Argyle. The recorded colonies extend from a few 
kilometres east of Rosewood station and The Rock Wall, which is southeast of Rosewood Station 
(Solem, 1984, 692, fig. 179), south along the Duncan Highway to Station WA-709, located 37.2 km 
north of the Nicholson River. The available records were obtained during hasty trips over the 
Duncan Highway. Time did not permit extensive east or west investigations. Numerous lateral 
extensions of ranges can be anticipated, together with probable collection of new species. Some 


additional material found by Vince Kessner awaits detailed study, including a new species from 
the Palms Yard area. 


The species described below, Ordtrachia elegans, provides a very significant northward range 


extension. It shares rock space with the southeasternmost record of the Ningbing-Jeremiah Hills 
endemic genus Cristilabrum. 
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Ordtrachia elegans, new species 
(Plates 1c-d, 3a-b; Figs 12-14, 18-19) 


Comparative remarks 

Ordtrachia elegans, from an isolated limestone ridge 7 km east of the Jeremiah Hills and about 
8.5 km slightly southsouthwest of Point Spring, Weaber Ranges, is of average size (mean diameter 
13.20 mm), with protruded keel (Fig. 13), comparatively widely open umbilicus (Fig. 14), no radial 
ribs present, and dense pustulations (Plate 1c-d) on both spire and shell base. The radially ribbed 
O. intermedia Solem (1984: 660, pl. 56d-f, 667, figs 172a-c) is more widely umbilicated, but has 
similar microsculpture. The véry large (mean diameter 17.03 mm), smooth surfaced O. grandis 
Solem (1984: 660, pl. 56a-c, 663, figs a-c), also is much more depressed in shape (mean H/D ratio 
0.434). O. septentrionalis Solem (1984: 651, pl. 54, 652, figs 166a-c), the previously northernmost 
known species, has a nearly closed umbilicus, only a weak trace of a keel, and less prominent 
micro-sculpture. O. australis Solem (1984: 652, figs 166d-f, 657, pl. 55a-d) is most similar in size and 
shape, but has a higher spire, narrower umbilicus (mean D/U ratio 10.4), and is larger (mean 
diameter 14.32 mm) in size. Anatomically (Figs 18-19), the extremely short vagina (V) and thickened 
base of the spermatheca (S) are most similar to those of O. septentrionalis Solem (1984: 653, fig. 
a) and very different from these structures in the other species (Solem, 1984: 658, figs 168a-b, 661, 
figs 169a-c, 668, figs 173a-b). The penis of O. elegans (Fig. 19) is short, somewhat longer than its 
sheath, and has the glandular outpocket barely visible compared with the other species. 


Holotype 

WAM 145.84, Station WA-987, isolated limestone ridge about 7 km east of Jeremiah Hills, and 
8.5 km south-southwest of Point Spring, Weaber Ranges, north of Kununurra, Kimberley, Western 
Australia. 15° 25’ 31" S, 128° 48' 13" E. Carlton 1:100,000 map sheet 4667 — 790:947m. Collected 
May 23, 1984 by Alan Solem, Laurie Price, and Ken Emberton. Height of shell 6.45 mm, diameter 
13.05 mm, H/D ratio 0.494, whorls 5%, umbilical width 1.65 mm, D/U ratio 7.91. 


Paratopotypes 
WAM 146.84, WAM 147.84, FMNH 21173344, 6 LA, 32 DA, 2 LJ, 13 DJ from the type locality. 


Range 

The single isolated ridge from which Ordtrachia elegans has been collected is about 0.7 km 
long and an estimated 0.32 km? in area. It is located east of the Jeremiah Hills and west of Point 
Spring, Weaber Ranges, north of Kununurra. A few unsampled, much smaller, scattered limestone 
outcrops lie between the type locality and the Jeremiah Hills. It is possible that they may contain 
some additional colonies. 


Diagnosis 

Shell average in size,11.95-14.75 mm (mean 13.20 mm) in diameter, with 4% + to 5% (mean 5%+) 
rather tightly coiled whorls. Apex and spire moderately elevated, slightly rounded above, height 
of shell 5.8-7.75 mm (mean 6.70 mm), H/D ratio 0.454-0.571 (mean 0.509). Apical sculpture (Plate 
1c) of vague radial ridglets, postapical sculpture of prominent pustulations (Plate 1c) that become 
larger and more complex on lower spire (Plate 1d) and body whorl, but somewhat reduced on 
shell base. Shell periphery (Fig. 13) with protruded, thread-like keel. Body whorl slightly to 
moderately descending behind lip, which is broadly expanded and reflected, basal section often 
with a low node, lip partly reflected over umbilicus (Figs 12-14). Umbilicus moderately open (Fig. 
14), width 1.05-2.25 mm (mean 1.60 mm), D/U ratio 5.81-12.4 (mean 8.52). Shell without colour 
bands, keel white, base lighter in tone. Based on 39 measured adults. 


Genitalia (Figs 18-19) with extremely short vagina (V), relatively long free oviduct (UV) that enters 
vaginal-spermathecal channel at right angle, base of spermatheca (S) very thickened. Vas deferens 
(VD) entering relatively thin-walled penis sheath (PS) above middle, reflexing apically at attachment 
point of penial retractor muscle (PR) to enter epiphallus (E), which is greatly swollen and with 
accessory tissue. Prominence of glandular pocket at penis-epiphallic junction reduced. Penis (P) 
with lower portion showing vague pilasters. Central and lateral teeth of radula (Plate 3a) typical, 
transition between laterals and marginals abrupt (Plate 3b). 
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Discussion 

Ordtrachia elegans is very similar in anatomy and shell sculpture to O. septentrionalis, but the 
shorter penis, very prominent keel on the shell periphery, and more open umbilicus of the former 
easily distinguish the two species. 


The name elegans was suggested by Laurie Price, who collected most of the type series. They 
were deeper in talus than examples of the two Cristilabrum species living on the same slopes, 
and were found in a limited area. | thus honour his request as to the name for this beautiful little 
species. 


Genus Ningbingia Solem, 1981 


The basic systematic review and species descriptions of the six species of Ningbingia were 
presented by Solem (1981b: 326-358; 1985b: 943-947). More detailed discussion of local variation 
patterns will be presented elsewhere by Solem & Hayek (In preparation). 


The subspecies described below, Ningbingia australis elongata, represents the southernmost 
record for the genus. Station WA-668, a small isolated hill occupying about 0.01 Кт, is located 
on the south bank of an unnamed creek that drains part of the east face of the North Ningbing 
Ranges. 


Ningbingia australis elongata, new subspecies 
(Plate 1e; Figures 15-17, 20) 


Comparative remarks 

Ningbingia australis elongata, new subspecies, is an anatomically characterized subspecies. Shell 
size and shape of the two subspecies (Table 1) are essentially identical, except that the new 
subspecies has a slightly lower adult whorl count, and most specimens show no trace of body 
whorl angulation (compare Fig. 16 with Solem, 1981b: 339, fig. 77d). N. a. elongata (Fig. 20) has 
a shorter, thicker vagina (V), and the penis (P) is noticably longer than in N. a. australis (Solem, 
1981b: 357, fig. 87). The only other species apt to be confused, is N. bulla Solem (1981b: 335-336, 
figs 74a-f, 75a-f, 342-344, figs 79-81), but it has a much shorter penis and the corrugated pilaster 
zone is restricted to the lower part of the penis chamber. 


Hol 

WAM 148.84, Station 668, small isolated hill on south bank of unnamed creek, 2.9 road km north 

of Tanmurra Creek crossing, southeast of North Ningbing Ranges tip, north of Kununurra, East 

Kimberley, Western Australia, Australia. 15° 07 04" S, 128? 36' 17" E. Carlton 1:100,000 map sheet 

4667 — 575:378m. Collected 26 May 1980 by Alan Solem, Laurie Price, Fred and Jan Aslin. Height 

of LED mm, diameter 18.5 mm, H/D ratio 0.647, whorls 53%-, umbilical width 3.0 mm, D/ 
ratio 6.18. 


Paratopotypes 
WAM 149.84, WAM 150.84, FMNH 205092-3, 14 LA, 119 DA, 12 LJ, 1O DJ from the type locality. 


e 
The single known locality of Ningbingia australis elongata is a hillock less than 100 m in diameter 
and perhaps 20 m high, located about 650 m north of hills with Turgenitubulus christenseni Solem, 
1981 (WA-706) and about 1,200 m southeast of the nearest known locality of N. a. australis (WA- 
998, on an outlier of the North Ningbing Ranges). Its total range is thus about 0.01 Кт. 


is 
Shell 16.3-20.4 mm (mean 18.15 mm) in diameter, with 5- to 5/2+ (mean 5 1/8 +) normally coiled 
whorls. Apex and spire moderately and evenly elevated, height of shell 10.15-13.0 mm (mean 11.55 
mm), H/D ratio 0.580-0.709 (mean 0.644). Apical sculpture of short, irregular ridglets, spire sculpture 
very weak (Plate 1e). Shell periphery normally rounded (Fig. 16), rarely angulated. Body whorl only 
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slightly descending behind lip, which is broadly expanded (Figs 15-17). Umbilicus only partly 
covered by reflected lip, open, width 2.9-3.95 mm (mean 3.2 mm), D/U ratio 4.15-6.47 (mean 5.43). 


Terminal genitalia (Fig. 20) agreeing with nominate subspecies except for following features: 
vagina (V) shorter and thicker; the penis (P) is much longer and tightly kinked within the penis 
sheath (PS); corrugated pilasters (PP) lower and do not extend as far down the penis chamber. 
Radular teeth without unusual features, not illustrated. 


Discussion 

Initial study of this material suggested that it was typical of Ningbingia australis. Only after 
dissection of several populations was it realized that there were consistent differences in the length 
of the penis and the vagina, and also in the extent of corrugated pilaster area within the penis 
chamber. Actually, the illustrated example had the shortest of the three penes examined from 
WA-668. It was selected because the dissection of the upper chamber was the best for showing 
ridge detail. Because of the extensive kinking and coiling of the penis within the sheath, it is not 
possible to measure actual length with any degree of accuracy for either subspecies. Thus the 
rather unsatisfactory statement “much longer” has to suffice as a descriptor. 


The minor differences in body whorl contour and whorl count are less than those associated 
with species level changes in other Ningbingia. The lengthening of the penis, but retention of 
the same pilaster structure, also is less than the species level differences. All of these minor 
differences are of the same general type found to indicate species level shifts in the Ningbing 
radiations, but the differences are not as great. Since the several dissected populations of N. australis 
australis agree closely with each other in regard to these features, the use of subspecific status 
is chosen to recognize the geographic variant. Unfortunately, no electrophoretic material was 
available for this subspecies. We passed within 50 m of the type locality in 1984, but did not stop 
to collect since it was then assumed to be typical australis. 


The unnamed hill is deeply fissured at several spots and also has good accumulation of talus. 
Hence the populations of Ningbingia australis elongata are undoubtedly large in size. 


The name elongata refers to its oversized penis. 


Genus Cristilabrum Solem, 1981 


Previous reports on the genus Cristilabrum (Solem, 1981b: 382-417; 1985b: 959-975) have 
described 11 species, one of which, C. funium Solem (1981b: 416-417, figs 100d-f) from the Roper 
River, Gulf of Carpenteria, is misclassified. This species will be reallocated elsewhere. Eight of these 
species share a basic pattern of genital structure. Two of them, C. bilarnium Solem (1981b: 411- 
416, pl. 18c, figs 100a-c, 106a-b) and C. spectaculum Solem (1985b: 966-972, figs 253a-c, 245a-b, 
255a-d), have structures at least partly transitional to those characterizing the third restricted 
endemic Ningbing camaenid genus, Turgenitubulus Solem (1981b: 358-382; 1985b: 947-959). This 
situation suggests that the latter, which is characterized by a nearly unique genital pattern, is derived 
from the Cristilabrum stock. 


One species, Cristilabrum rectum from an isolated ridge (WA-1005) lying north of The Gorge 
and west of the known range of C. solitudum Solem (1981b: 386-396, pl. 17a, figs 97a-c, 101a- 
b), is described as new. It also suggests transitional states between Cristilabrum and Turgenitubulus. 
A second probably new species, from isolated ridges west of the South Ningbing Ranges (WA- 
1032-1033), is represented by limited material. It Shows features that, in other species of Cristilabrum, 
are indicative of species differences. Formal naming is withheld until adequate collections are 
available for study. 


Cristilabrum rectum, new species 
(Plates 1f, 3c-d; Figs 21-23, 26-27) 


Comparative remarks 
Cristilabrum rectum, new species, is almost identical in shell features with C. solitudum Solem 
(1981b: 386-396, pl. 17a, figs 97a-c, 101a-b), differing in having a slightly wider umbilicus and 
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increased whorl count. The lip node in both species is reduced to a weak swelling (Fig. 22; Solem, 
1981b: 391, fig. 97b), which contrasts with the prominent nodes in most other taxa from the South 
Ningbing Ranges. Anatomically, C. rectum (Figs 26-27) is immediately recognizable in having a 
very short penis (P) which is scarcely longer than the vagina (V), with thick walls and a relatively 
large set of internal pilasters. The vas deferens (VD) enters the penis sheath (PS) noticably above 
the peni-oviducal angle and the spermatheca (S) is very large. In all of the other Central (solitudum) 
and South (simplex, buryillum, monodon, primum, grossum, bubulum) Ningbing Ranges species 
(Solem, 1981b: 400-410, figs 101-105; Solem, 1985b: 960-974, figs 249-250, 252), and the southern 
species C. isolatum (Solem, 1985b: 972-975, fig. 256), the penis is much larger in size and the vas 
deferens enters the sheath just above the peni-oviducal angle. Both C. bilarnium Solem (1981b: 
477-476, figs 100a-c, 106a-b) and C. spectaculum Solem (1985b: 966-972, figs 254a-b, 255a-d) from 
the Jeremiah Hills and eastern isolated limestone hillocks have drastically altered penis structures 
and shells with heavy radial sculpture. 


Holotype 

WAM 151.84, Station WA-1005, isolated limestone ridge north of The Gorge and southwest of 
the south end of Central Ningbing Ranges north of Kununurra, East Kimberley, Western Australia, 
Australia. 15° 09' 21" S, 128? 37' 56" E. Carlton 1:100,000 map sheet 4667 — 604:243m. Collected 
25 May 1984 by Alan Solem, Laurie Price, and Ken Emberton. Height of shell 11.8 mm, diameter 
192 mm, H/D ratio 0.615, whorls 5 %-, umbilical width 2.5 mm, D/U ratio 7.68. 


Paratopotypes 
WAM 152.84, WAM 153.84, WAM 160.84, FMNH 211791-2, FMNH 211794, 12 LA, 109 DA, 3 LJ, 
10 DJ from the type locality. 


Range 
The single known locality (WA-1005) is a narrow limestone ridge, approximately 1.2 km long, 
whose total area is about 0.29 km. It lies south and west of the range of C. solitudum, just off 
T m tip of the Central Ningbing Ranges and north of The Gorge, East Kimberley, Western 
ustralia. 


osis 

Shell relatively large, adult diameter 17.8-21.0 mm (mean 19.22 mm), with 5%- to 6%+ (mean 
5%+) rather tightly coiled whorls. Apex and spire strongly elevated, sometimes slightly rounded 
above, height of shell 10.2-13.2 mm (mean 11.78 mm), H/D ratio 0.528-0.726 (mean 0.613). Apical 
sculpture weak (Plate 1f), spire and body whorl with at most very weak and irregular radial growth 
ridglets. Shell base smooth. Periphery (Fig. 22) rounded to slightly angulated in smaller individuals. 
Body whorl at most descending slightly behind lip, which is broadly expanded and reflected (Figs 
21-23). Generally there is a very weak node on basal lip at columellar angle (Fig. 22). Umbilicus 
(Fig. 23) partly narrowed by reflexion of columellar lip, width 1.6-3.4 mm (mean 2.69 mm), D/ 
U ratio 5.67-11.4 (mean 7.27). Shell pale horn in colour, base lighter in tone, lip white. Based on 
122 measured adults. 


Genitalia (Figs 26-27) with few features atypical of Cristilabrum, noticably shortening of the penis 
complex (P, Fig. 26) and vagina (V), plus higher entrance of vas deferens (VD) into penis sheath. 
Free oviduct (UV) long and curved, spermatheca (S) elongated. Vagina (V) short, slender. Vas 
deferens (VD) with neither ascending nor descending arm swollen, entering penis sheath noticably 
above peni-oviducal angle, free of sheath wall internally, reflexing apically at attachment of penial 
retractor muscle (PR). Penis (P, Fig. 27) also very short, longer than sheath (PS), thick-walled, internally 
with longitudinal pilasters, small cluster of pilasters around epiphallic pore (DP). Central and early 
lateral teeth typical (Plate 3d), Cusp shaft angle high, tip sharp and only very slightly curved. 


Discussion 

Cristilabrum rectum (Fig. 26) and C. solitudum Solem (1981b:400, fig. 101) differ from the 
remaining main mass Cristilabrum in having the vagina and penis noticably shortened and the 
spermatheca much longer. The process has been carried much further in rectum. Whereas the 


penis complex is nearly 20 mm long in the genotype, C. primum Solem (1981b: 404, fig. 103a- 
b), and the coiled penis is closer to 30 mm in length, the penis sheath length is about 6.25 mm 
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in solitudum, with the penis only slightly longer than the sheath. The penis complex is reduced 
to a mere 4 mm long in rectum (Fig. 26), although the penis is longer than the sheath (Fig. 26), 
and the spermatheca (S, Fig. 26) is elongated, especially when contrasted with the main mass species, 
where it is reduced to a stub. The sheath length of 10 mm in Cristilabrum species, with a very 
long penis (P) coiled within the sheath (PS), and the very short spermatheca (S) provide a clear 
contrast (Fig. 28). The degree of radular tooth wear occurring in limestone rock dwellers (Plate 
3c) provides a striking contrast to the structure of unworn teeth from the middle of the same 
radula (Plate 3d). 


Cristilabrum rectum carries further anatomical trends that are seen first in C. solitudum. These 
species can be viewed as possible progenitors of Turgenitubulus in the shortening of the penis, 
rise in insertion of the vas deferens into the penis sheath, and development of pilasters around 
the epiphallic pore (DP). The changes in anatomy from solitudum to rectum are greater than those 
seen between adjacent species of Cristilabrum that show significant shell differences. Hence species 
level difference is proposed despite the very minor shell differences. 


Collections of Cristilabrum rectum were made from three points along the west-northwest face 
of the type ridge, but were accidentally combined in the field by an assistant. The more sheltered 
exposure from direct solar insolation of these populations may explain why there is no difference 
in size (Table 3) between living and dead adults, whereas for most of the species collected in 1984 
and 1986, living examples were significantly larger (Table 3). 


The name rectum, from the latin for integrity or virtue, was chosen in recognition of the fact 
that this taxon provides the best morphological evidence for actual close relationships between 
Cristilabrum and Turgenitubulus. 


Cristilabrum, probably new species 
(Figs 24-25, 28) 


Comparative remarks 

Stations WA-1032-1033 lie west of the known range for Cristilabrum monodon Solem (1985b: 
959-965, figs 251a-c, 252a-c) and a little northeast of the known range of C. bubulum Solem (1981b: 
408-410, figs 99d-f, 105a-b). The three species are almost identical in size and shape parameters 
(Table 1), except for the slightly narrower umbilicus (Fig. 25) of the probable new species. C. 
bubulum has the shell base with prominent radial sculpture and two apertural ridges; C. monodon 
has the shell base smooth and the one apertural ridge generally is wider and lower; C. probably 
new species has the smooth shell base of monodon, a high, more sharply defined basal lip node 
(Fig. 24) and sometimes a developed columellar-basal ridge that is less prominent than in bubulum. 
Anatomically, C. probably new species (Fig. 28) has a short, quite thick vagina (V), extremely short 
spermatheca (S), and a long, very slender penis (P) that is tightly coiled inside the upper part of 
the penis sheath (PS). C. bubulum Solem (1981b: 410, figs 105a-b) has the vagina long and slender, 
the spermatheca longer, and the penis only moderately longer than the penis sheath. C. monodon 
Solem (1985b: 964, figs 252a-c) has an extremely long vagina, elongated spermatheca, апа a slender 
penis that is only moderately longer than the penis sheath. Both C. primum and C. grossum (Solem, 
1981b: 404-405, figs 103-104) share the very short spermatheca present in C. probably new species, 
but differ in other genital features. 


Material studied 

South Ningbing Ranges: Sta. WA-1032, area of isolated limestone domed rocks about 3.5 km 
southwest of Ningbing Bore (15° 15’ 24" S, 128° 39 36" E, Carlton 1:100,000 map sheet 4667 — 
ca 640:130m) (7 DA, 7 DJ, WAM 156.84, FMNH 211874); Sta. WA-1033, high limestone pillars 
southwest of Ningbing Bore (15° 15’ 31" S, 128° 39’ 50" E, Carlton 1:100,000 map sheet 4067 — 
ca 638:129m) (6 LA, 10 DA, WAM 154.84, WAM 155.84, FMNH 211875-7). 


Range 

The two stations are on opposite sides of a small valley in the South Ningbing Ranges, located 
about 2 km north of the range of C. grossum and 700 m due west of the limestone masses 
inhabitated by C. monodon. Ningbing Bore lies about 3.5 km north-northeast. 
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Discussion 

The shell and anatomical differences outlined above are the kind of differences found between 
sympatric congeners elsewhere in the Ningbing Ranges. The shell differences are larger than those 
separating C. bilarnium and C. spectaculum (see Solem, 1985b: 965-972), species that are very 
different in genital anatomy, while the anatomical changes are fully equivalent to the differences 
found between neighbouring allopatric species of Cristilabrum along tne main mass of the 
Ningbing Ranges. 


Despite this, nomenclatural recognition is withheld at this time. Very limited material, only 24 
adult specimens, were available for study. Although two of the living specimens were prepared 
for electrophoretic analysis, the vials containing these were among the 50% of Cristilabrum 
examples that lost their labels while in liquid nitrogen. Thus no allozyme data was available for 
comparison with the similar species. This area of the Ningbing Ranges still needs intensive collecting. 
Dex npo of this taxon is withheld pending the availability of specimens from several additional 
ocalities. 


No shell differences were noted between the two populations sampled (Table 3). 


Genus Mesodontrachia Solem, 1985 


The only previously known species, Mesodontrachia desmonda Solem (1985b: 867-869, pl. 87a- 
f, figs 218a-c, 219a-c) from near Desmonds Passage, West Baines River, and M. fitzroyana Solem 
(1985b: 870-875, pl. 88a-f, figs 220a-c, 221a-c) from 24.4 km east of Timber Creek Police Station, 
Victoria Highway, were from the Northern Territory. Discovery of a third species in the Cockburn 
Range, southwest of Wyndham, East Kimberley, Western Australia represents a westward range 
extention of about 200 km. 


Mesodontrachia cockburnensis, new species, has very light subsutural and supraperipheral red 
spiral colour bands, is slightly more depressed, and noticably more widely umbilicated than either 
of the above species. The shell shows the characteristic Mesodontrachia microsculpture (compare 
Plate 2a-b with Solem, 1985b: 864-865, pls 87a-b, 88d), which obviously differs from that seen in 
Amplirhagda (Plate 1a-b), Ningbingia (Plate 1e), and Cristilabrum (Plate 1f). 


The drainages of the lower Pentecost and Chamberlain Rivers are inhabited by Amplirhagada 
questroana Solem, 1981 and Prymnbriareus nimberlinus Solem, 1981, so | was anticipating that 
a probable relative of either genus would be in the Cockburn Ranges. It was quite surprising, 
upon dissection, to discover that this was a significant range extention of the Northern Territory 
genus Mesodontrachia. Its easternmost species, M. fitzroyana, lives in barely exposed limestone 
outcrops scattered along several km of the Victoria Highway east of Timber Creek Police Station 
(additional records courtesy of Vince Kessner); M. desmonda has been found only in massive 
sandstone cliffs by Upper Saddle Creek, about 8 km west of Desmond's Passage, living in deep 
fissures and under large boulders; and M. cockburnensis occurs in deep mixed rock talus in the 
Cockburn Range of Western Australia. These diverse records suggest that additional species of 
Mesodontrachia await discovery throughout this area. 


Mesodontrachia cockburnensis, new species 
(Plates 2a-b, 3e-f; Figs 29-34) 


Comparative remarks 

Mesodontrachia cockburnensis, new species (Figs 29-31) from the Cockburn Ranges, southwest 
of Wyndham, East Kimberley, Western Australia differs from M. desmonda Solem, 1985 and M. 
fitzroyana Solem, 1985 in having two spiral red colour bands, a wider umbilicus, and less elevated 
apex. The radial microsculpture (Plate 2a-b), very narrow, simple lip, and absence of any lip nodes 
immediately separate it from any of the neighbouring camaenids. Anatomically, the terminal 
genitalia (Figs 32-34) are elongated compared with those of its congeners (Solem, 1985b: 869, figs 
219a-e, 872, figs 221a-c), the prominent fibers binding the vas deferens to the penis sheath in the 
other two species are lacking, and the vas deferens enters the penis sheath slightly above the middle 
rather than near apically. The penis is much longer than its sheath, with coiling of the penis occurring 
in the lower half of the sheath, a very unusual situation in the Australian camaenids. 
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Holotype 

WAM 157.84, Station WA-988, talus slope on southwest face of Cockburn Range, above Pentecost 
River, south-southwest of Wyndham, East Kimberley, Western Australia, Australia. 15° 54’ 25” S, 
128° 01' 42" E. Cambridge Gulf 1:250,000 map sheet SD52-14 — 637:991yds. Collected 24 May 
1984 by Alan Solem, Laurie Price, and Ken Emberton. Height of shell 12.1 mm, diameter 20.45 
mm, H/D ratio 0.592, whorls 5^ +, umbilical width 2.4 mm, D/U ratio 8.52. 


Paratopotypes 
WAM 158.84, WAM 159.84, FMNH 2117367, 2 LA, 55 DA, 6 L;, 63 DJ from the type locality. 


Range 

The type locality is a massive, shaded rock slide on the upper slopes of a southwest facing valley 
in the Cockburn Ranges, near Wyndham. Undoubtedly other colonies of this species will be found 
in similar situations in the Cockburn Ranges. 


Diagnosis 

Shell of average size, adult diameter 18.45-22.45 mm (mean 20.30 mm), with 5% to 5%- (mean 
5%) normally coiled whorls. Apex and spire modestly and evenly elevated, height of shell 10.3- 
13.25 mm (mean 11.58 mm), H/D ratio 0.497-0.632 (mean 0.571). Apical and early spire sculpture 
typical (Plate 2a-b), reduced on lower spire and body whorl, shell base with irregular growth lines 
only. Shell periphery (Fig. 30) rounded. Body whorl not descending behind lip, which is reflected, 
but only narrowly expanded (Figs 29-31). No trace of a basal node or knob. Umbilicus (Fig. 31) 
slightly narrowed by reflexion of columellar lip, moderately open, width 1.15-3.55 mm (mean 2.45 
mm), D/U ratio 5.59-17.6 (mean 8.52). Shell light greenish yellow horn in tone, weak red spiral 
subsutural and supraperipheral colour bands visible in fresh or live examples, base lighter, lip white. 
Based on 58 measured adults. 


Genitalia (Figs 32-34) with terminalia elongated, pallial and apical portions typical. Ovotestis (G) 
in inactive phase, hermaphrodictic duct (GD), talon (GT), albumen gland (GG), prostate (DG), and 
uterus (UT) normal. Free oviduct (UV) short, not kinked. Spermatheca (S) with head bound by 
fibers to base of prostate-uterus, shaft gradually merging with free oviduct to form vagina (V), which 
is long and slender, internally with nearly smooth walls. Vas deferens (VD) slender, entering penis 
sheath (PS) about midpoint (Figs 32-34), passing to apex of sheath, where it reflexes at insertion 
point of penial retractor muscle (PR), expanding slightly into a probable epiphallic section (E). Penis 
sheath (PS) thin-walled above, somewhat thicker on lower portions. Penis proper (P) beginning 
slightly above midpoint of sheath, tightly coiled in lower section of sheath (Fig. 33). Fibers bind 
the penis-epiphallic junction to the sheath wall. Interior of penis (Fig. 34) with crowded, somewhat 
indistinct longitudinal pilasters. Central and lateral teeth (Plate 3e) with slightly blunted tip, moderate 
anterior flare, typical shaft angle and basal ridge. Transition between laterals and marginals typical. 


Discussion 

The elongation of terminal genitalia in Mesodontrachia cockburnensis is the fundamental 
difference from the other known species. Changes in the vas deferens insertion and penis position 
are secondary to the basic shift. Radular tooth structure (Plate 3e-f) agrees more with that of M. 
fitzroyana than M. desmonda (see Solem, 1985b: 864-865, pls 87-88). 


Given the disparate number of specimens, there is no significant difference in size and shape 
between the live and dead specimens (Table 3). 


The name cockburnensis refers to the range from which it was collected. 


DISCUSSION 


Most of these species were collected in the course of narrowly targeted field work. My 1984 
field trip was designed to answer two questions: 1) to provide east-west delineation of ranges 
for species of the three Ningbing endemic genera, Ningbingia, Turgenitubulus, Cristilabrum, while 
collecting material of all Ningbing camaenid species for electrophoretic analysis; and 2) determine 
if unsampled hill areas to the west, southwest, and south of the Ningbing Ranges had any 
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representatives of the Ningbing genera, or if their camaenid fauna consisted solely of other faunal 
elements. 


A few days of helicopter time permitted sampling limestone hillocks in and near the Ningbinge 
Ranges that we had not been able to reach, or even see, during ground travel. Ordtrachia elegans, 
Cristilabrum rectum, and C. probably new species resulted from this activity. Collecting west of 
Cambridge Gulf (Amplirhagada cambridgensis) and in the Cockburn Range (Mesodontrachia 
cockburnensis) was productive, while stations along the Pentecost and Chamberlain Rivers 
extended the ranges of Amplirhagada questroana Solem, 1981 and Prymnbriareus nimberlinus 
Solem, 1981 (Solem, unpublished). A previously unrecognized subspecies, collected in 1980, from 
the Ningbing Ranges (Ningbingia australis elongata) and the considerable southeastern range 
extension for Amplirhagada osmondi complete the material reviewed above. 


All specimens were collected in late May of 1980, 1984 or 1986 and thus the genitalia were 
in the inactive, early dry season phase, with shrunken ovotestis (G) and hermaproditic duct (GD). 
Previous published work on Ningbing taxa involved either late May or early November (very late 
dry season) collections, so that reproductive tract states are directly comparable. 


These species permit making a few biogeographic comments. First and most obvious, much 
remains to be learned about the land snails of this region. Undoubtedly many additional species 
remain to be discovered. The changes in known generic ranges were substantial: Amplirhagada 
from the Drysdale River east to Cambridge Gulf, a shift of about 120 km, and then a southeastern 
extension from roughly the junction of the Pentecost and Chamberlain Rivers to Red Rock Creek 
in the upper Ord River drainage, a shift of perhaps 150 km; Ordtrachia north from Rosewood 
Station to near the Weaber Ranges, a change of more than 100km; and a westward extension 
of about 200 km for Mesodontrachia. 


These same changes also suggest that the radiation of camaenids in the Ningbing Range, 
Ningbingia-Turgenitubulus-Cristilabrum, is of restricted endemics. Two West Kimberley taxa, 
Amplirhagada and Xanthomelon, occupy the west side of Cambridge Gulf; Mesodontrachia 
extends from hills southwest (Cockburn Ranges) and then east into the Northern Territory; and 
Amplirhagada is found south of Lake Argyle and in the Pentecost-Chamberlain Rivers area. The 
failure to find any species of the Ningbing genera extralimitally, does not mean that such do not 
exist, but does make it increasingly probable that these genera are an in situ radiation of restricted 
endemics. By demonstrating the presence of other camaenid genera in the neighbouring areas, 
the probability of finding the Ningbing taxa elsewhere is substantially lessened. 
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FIGURES 1-6. Shells of Amplirhagada cambridgensis and А. osmondi: 1-3, holotype of 
Amplirhagada cambridgensis, new species. WAM 142.84. WA-985, Lyne River basin, Cambridge 
Gulf; 4-6, holotype of Amplirhagada osmondi, new species. AM C.150373. PC-52, 33.7 km southeast 
of Palms Yard, near Red Rock Creek, southeast of Turkey Creek. Scale lines equal 10 mm. 
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FIGURES 7-8. Genitalia of Amplirhagada cambridgensis, new species. FMNH 211718. WA-985, 
Lyne River basin, Cambridge Gulf. 23 May 1984: 7, interior of penis complex; 8, surface of principal 
pilaster. Scale lines as marked. 
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FIGURES 9-11. Genitalia of Amplirhagada osmondi, new species. FMNH 215266. Palms Yard, 37 


km southeast of Turkey Creek. 25 May 1986: 9, whole genitalia; 10, interior of penis complex; 
11, surface of principal pilaster. Scale lines as marked. 


48 A.Solem 


12 15 


13 





14 


FIGURES 12-17. Shells of Ordtrachia elegans and Ningbingia australis elongata; 12-14, holotype 
of Ordtrachia elegans, new species. WAM 145.84. WA-987, southsouthwest of Point Spring, Weaber 
Ranges, east of Jeremiah Hills, north of Kununurra; 15-17, holotype of Ningbingia australis elongata, 
new subspecies. WAM 148.84. WA-668, isolated hill 2.9 km north of Tanmurra Creek, south tip 
of North Ningbing Ranges. Scale lines equal 10 mm. 
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FIGURES 18-19. Genitalia of Ordtrachia elegans, new species. FMNH 211734. WA-987, 
southsouthwest of Point Spring, Weaber Ranges, east of Jeremiah Hills, north of Kununurra. 23 
May 1984: 18, whole genitalia; 19, details of penis complex. Scale line «quals 5 mm. 
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FIGURE 20. Terminal genitalia of Ningbingia australis elongata, new subspecies. FMNH 205092. 
WA-668, isolated hill 2.9 km north of Tanmurra Creek, south tip of North Ningbing Ranges. 26 
May 1980. Penis sheath opened and apex of penis opened to show internal wall sculpture. Scale 
line equals 5 mm. 
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FIGURES 21-25. Shells of Cristilabrum rectum, new species and C. probably new species: 21- 
23, holotype of C. rectum. WAM 151.84. WA-1005, isolated ridge northeast of The Gorge, Central 
Ningbing Ranges; 24-25, side and umbilical views of Cristilabrum, probably new species. WAM 
154.84. WA-1033, high limestone pillars, southwest of Ningbing Bore, South Ningbing Ranges. Scale 
lines equal 10 mm. 
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FIGURES 26-27. Genitalia of Cristilabrum rectum, new species. FMNH 211791. WA-1005, isolated 
ridge north of The Gorge, Central Ningbing Ranges. 25 May 1984: 26, whole genitalia; 27, interior 
of penis. Scales lines as marked. 
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FIGURE 28. Genitalia of Cristilabrum, probably new species. FMNH 211876. WA-1033, high 
limestone pillars, southwest of Ningbing Bore, South Ningbing Ranges. 31 May 1984. Penis sheath 
opened. Scale line equals 5 mm. 
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FIGURES 29-31. Holotype of Mesodontrachia cockburnensis, new species. WAM 157.84. WA- 


988, valley on southwest face of Cockburn Range, opposite Pentecost River, south of Wyndham. 
Scale line equals 10 mm. 
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FIGURES 32-34. Genitalia of Mesodontrachia cockburnensis, new species. FMNH 211736. WA- 
988, valley on southwest face of Cockburn Range, opposite Pentecost River, south of Wyndham. 
24 May 1984: 32, whole genitalia; 33, penis complex with sheath opened; 34, interior of penis. 
Scale lines as marked. 





PLATE 1 

Shell sculpture: a, Amplirhagada cambridgensis. WA-985, Lyne River, Cambridge Gulf. FMNH 
211876. Apex and early spire, 18.5X; b, Amplirhagada osmondi. PC-43, Palms Yard. FMNH 215266. 
Apex and early spire, 16.8X; c-d, Ordtrachia elegans. WA-984, southwest of Point Spring, Weaber 
Ranges. FMNH 211733. c, Apex and early spire, 17.4X, d, mid- and lower spire of juvenile, 17.8X; 
e, Ningbingia australis elongata. WA-668, hill southeast of tip, North Ningbing Ranges. FMNH 
205092. Apex and spire of subadult, 21.3X; f, Cristilabrum rectum. WA-1005, ridge north of The 
Gorge, Ningbing Ranges. FMNH 211791. Apex and early spire, 17.8X. 
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PLATE 2 
Shell sculpture and radular teeth: a b, Mesodontrachia cockburnernsis. WA-988, Cockburn Ranges, 
near Wyndham. FMNH 211736. a, Apex and early spire, 19.2X, b, Microsculpture on mid-spire, 
90X; c-d, Amplirhagada cambridgensis. WA-985, Lyne River, Cambridge Gulf. FMNH 211718. c, 
Central and early lateral teeth, 405X, d, Transition between lateral and marginal teeth, 540X; e- 
f, Amplirhagada osmondi. PC-43, Palms Yard. FMNH 215266. e, Central and early lateral teeth, 680X; 
f, Transition between lateral and marginal teeth, 660X. 
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PLATE 3 

Radular teeth: a-b, Ordtrachia elegans. WA-987, southwest of Point Spring, Weaber Ranges. FMNH 
211734. a, Central and early lateral teeth from near posterior end of radula, 840X; b, Transition 
between lateral and marginal teeth, 1175X; c-d, Cristilabrum rectum. WA-1005, ridge north of The 
Gorge, Ningbing Ranges. FMNH 211791. c, Worn central and lateral teeth from anterior end of 
radula, 420X; d, Unworn central and early lateral teeth from middle of radula, 445X; e-f, 
Mesodontrachia cockburnensis. WA-988, Cockburn Range, near Wyndham. FMNH 211736. e, 
Central and early lateral teeth, 580X; f, Transition between lateral and marginal teeth, 390X. 
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and Jeremiah Hills, northeast Kimberley, 
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Field Museum of Natural History, 
Roosevelt Road & Lake Shore Drive, 
Chicago, Illinois 60605-2496, U.S.A. 


ABSTRACT 


The Ningbing Ranges and Jeremiah Hills are home to what is perhaps the greatest 
concentration of short range restricted endemic species found anywhere in the world. A 
radiation of more than 28 mainly allopatric species of camaenid land snails is packed into 
52 km of limestone hills. The median linear range of a species is 1.65 km; the median area 
range is 0.825 km. Located in the far northeastern tip of Western Australia between the 
east bank of the Ord River and the Northern Territory border, the Ningbing Ranges and 
Jeremiah Hills are Devonian limestone reef remnants, generally much less than 500 meters 
wide, that rarely reach 50-60 meters in height. The Ningbing Ranges have a length of 43.5 
km; the Jeremiah Hills occupy a triangular area some 8.4 km on a side. 


Most of this remarkable diversity occurs within three restricted endemic genera of the 
pulmonate land snail family Camaenidae — Ningbingia Solem, 1981 with six species and 
one subspecies; Turgenitubulus Solem, 1981 with eight species; and Cristilabrum Solem, 
1981 with eleven described and another probably new species. It is anticipated that additional 
species will be discovered. Another restricted endemic, short range species of the East 
Kimberley genus, Ordtrachia Solem, 1984 is known from a small eastern outlier of the 
Jeremiah Hills (O. elegans Solem, 1988). This is an in situ, still exuberant, radiation filling 
all habitable parts of the area, not an example of constricted ranges in a group approaching 
extinction. 


In addition to the above endemics that occupy only a portion of the ranges, two land 
snail taxa, a hydrocenid prosobranch, Georissa, new species and a pupillid, Gyliotrachela 
ningbingia Solem, 1981, are common throughout much of the area. The nearest recorded 
species of Georissa Blanford, 1864 are in Indonesia and coastal Queensland. The other 
Australian species of Gyliotrachela live in the Napier Range of the southwest Kimberley, 
near Katherine, Northern Territory, and the Chillagoe Caves area of northern Queensland 
(Solem, 1981с). 
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The above 30 species of endemicand restricted land snails are supplemented by a number 
of much more widely distributed, but also indigenous taxa: 1) eight species that occur within 
the main masses of at least the Ningbing Ranges (Gastrocopta, new species, Pupoides 
pacificus [Pfeiffer, 1846], Eremopeas interioris [Tate, 1894], Stenopylis coarctata [Moellendorff, 
1894], Discocharopa aperta [Moellendorff, 1888], Austrosuccinea sp., Westracystis lissus [E. 
A. Smith, 1894], and Xanthomelon obliquirugosa [E. A. Smith, 1894]); 2) one camaenid, 
Torresitrachia weaberana Solem, 1979, that lives on the dry fringes of the area; 3) one species, 
Pupisoma orcula (Benson, 1850), recorded once from the Central Ningbing Range; and 4) 
three species (Pupisoma sp., Nesopupa mooreana [E. A. Smith, 1894], and Coneuplecta 
microconus [Mousson, 1865]) that have been found only in the wet margins of Brolga Spring 
or seasonally wet margins of the North Ningbing Range. 


The total known land snail fauna is thus 43 species. A number of additional species found 
in nearby non-limestone hill systems help to define the fauna of the limestone ranges. 


The dimate of the Ningbing region is monsoonal, with an average rainfall of about 776 
mm, nearly all between early November and mid-April of the next year. Snail activity nights 
(SAN) probably average about 78/year, with the rest spent in partial to deep aestivation. 
The Ningbing-Jeremiah Hills area is much drier than the Mitchell Plateau to the west or 
Darwin region to the east. The latter have rain forest patches and nearly closed canopy 
forest, while the Ningbings have open savannah type cover with baobabs the most 
conspicuous tree. 


The restricted and short range endemic camaenid genera are allopatric, with Ningbingia 
in the North Ningbing Range; Turgenitubulus in the Central Ningbing Range, The Gorge, 
and The Pillars; Cristilabrum in a small portion of the Central Ningbing Range (but never 
sympatric with Turgenitubulus), South Ningbing Range, and Jeremiah Hills. All species in 
these genera live only within rubble or crevices on the limestone outcrops. None have been 
found living in plains areas or on neighbouring sandstone hills. The ranges of all species 
are continuous, never interrupted by an intrusive zone of another species. Four species 
(Table 6) have ranges broken up by uninhabitable stretches of mud or alluvial plains, so 
that their linear ranges are longer than their actual inhabitable ranges. 


Species range data are summarized in both linear (Table 5) and area (Table 7) terms. For 
the 28 restricted range endemic camaenids, the linear ranges vary from 0.1 to 6.1 km (median 
1.65 km), and the area range from 0.01 to 7.45 km? (median 0.825 km?). These area estimates 
are much greater than the actual inhabited areas, since much of the limestone masses are 
domed rock with neither fissures nor rubble heaps, and thus provide neither shelter nor 
feeding areas for the snails. Even with this overestimation of range areas, these species provide 
an astounding example of in situ speciation resulting in microgeographic species ranges. 


Boundaries between many species do not correspond with breaks in rock masses. In 
the North Ningbings, Ningbingia bulla, N. dentiens, N. laurina, N. octova, N. res, and N. 
a. australis share the same mass (Map 17), with only N. a. elongata isolated. The first five 
species show some sympatric overlap (Table 8). The Central Ningbing Range (Map 20) is 
broken up into a greater number of separate rock masses. Known ranges of Turgenitubulus 
species are mostly composed of allopatric rock mass clusters. The South Ningbing Range 
(Map 23) shows a variety of distribution types. Cristilabrum buryillum and C. simplex live 
on several rock masses; C. monodon occupies one mass by itself, then shares the main 
southern mass with two other species, C. primum and C. grossum in allopatric succession 
(Map 24). 


There are seven examples (Table 8) of microsympatry among two species, and one 
involving three species. The degree of overlap varies from 4.5% to 100% of known ranges. 
Anatomical differences in structures among such sympatric species provide the strongest 
evidence that different species are present. 


In discussing creation of biotic reserves to preserve species or communities, the focus 
continues to be on comparatively large areas. Whereas 50,000 km? may be a "restricted 
range" for a species of vertebrate, the evidence presented below demonstrates that areas 
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of less than 1 km? can cover the entire range of land snail species. A refocus of interest 
in establishing reserves to include such restricted range taxa may enable conserving not 
only land snails, but many plant and arthropod taxa. These “mini-reserves” could be 
established at a fraction of the cost involved in salvaging larger areas. 


INTRODUCTION 


The land snail family Camaenidae dominates the terrestrial mollusc fauna of the Kimberley 
Region in terms of both species numbers (Solem, 1985b: 975-976) and shell size (up to 35 mm 
in diameter). Although 143 species and subspecies have been recorded (Solem, 1979, 1981a, 1981b, 
1984, 1985b, 1988), probably the species total will be doubled by adequate collecting. They show 
a pattern of reproductive maturation and seasonal variation (Solem & Christensen, 1984) that is 
well adapted to the monsoonal climate of the Kimberley. In addition, there are species interactions 
(Solem, 1985a) that can profoundly alter both shell and feeding structures. 


Many of the species are highly localized in occurence, but in most areas collecting has not 
yet been detailed enough so that actual linear or area ranges can be calculated. The genera 
Westraltachia Iredale, 1933, Mouldingia Solem, 1984, Ordtrachia Solem, 1984, and Prototrachia 
Solem, 1984 from the East and South Kimberley (Solem, 1984: 702, Table 75) show a variety of 
linear patterns. Eleven species have a less than 10 km linear range; 12 species a linear range of 
11-25 km; four species with 30-40 km linear range; and only two species with scattered, isolated 
populations extending a total of 120-160 km. These observations indicate that short range speciation 
does occur among camaenids. 


The discovery that there is an endemic radiation of three genera resulting in at least 27 local 
very short range species, which has occurred in two sets of limestone hills covering less than 35 
km? of exposures, is thus remarkable, but probably not unique. The linear ranges of these species 
is 0.1-6.1 km (median 1.65 km) and the area range is 0.01-7.45 km? (median 0.825 km?). The genera 
Ningbingia Solem, 1981, Turgenitubulus Solem, 1981, and Cristilabrum Solem, 1981 are restricted 
to and have radiated within the Ningbing Ranges and Jeremiah Hills, located in the northeast corner 
of Western Australia, north of Kununurra and between the east bank of the Ord River and the 
Northern Territory border (Maps 1, 14). 


First sampled by the author in 1976, several descriptive papers (Solem, 1979, 1981b, 1985b, 1988) 
have named the taxa, recognized the restricted distributions of the generic and species units, and 
worked out the patterns of genital variation. The present paper summarizes the distribution of 
all land snail species known from the Ningbing Ranges, Jeremiah Hills, and surrounding areas, 
analyzes the range patterns of the short range restricted species within the two limestone hill areas, 


and discusses the general significance of this discovery to conservation biology and reserve 
formation. 


This should be read in conjunction with other papers in preparation on the general patterns 
of anatomical and shell structure variations, size and shape differences within and among 
populations, allozyme variation and patterns, and hypothesized evolutionary divergence and 
extralimital affinities. These are in cooperation with Lee-Ann Hayek and David S. Woodruff. 
Together they will provide an overall summary of what is undoubtedly one of the most remarkable 
evolutionary microcosms yet discovered. 
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MATERIALS AND METHODS 


1 have had four visits to the Ningbing Ranges and Jeremiah Hills, which can be separated by 
the station numbers. They are: 


9-12 November 1976 WA-225 through WA-237 
16-19 May 1977 WA-425 through WA-435 
16-28 May 1980 WA-601 through WA-676 
15 June 1980 WA-700 through WA-706 


22 May through 4 June 1984 WA-980 through WA-1049 
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The first two trips were basic exploration, learning that there was a remarkable fauna and 
attempting to sample quickly before moving onto other areas. Despite severe time limits, 18 of 
the 28 currently known restricted range camaenid taxa were collected during the 1976-7 visits. 
The 1980 trip was designed to work out species limits and transition patterns along the range, 
fill in collecting gaps along the east face, and try to reach other areas. Unfortunately, 1980 was 
a year in which the cane grasses reached over 3.5 meters in height. Attempts to collect to the 
west of the main hills were thus very difficult and frustrating. Our success in knowing where we 
were, plotting localities, and finding our way out again, was due to the navigational skills of Fred 
Aslin. Despite the operational difficulties, an additional seven species were found. The 1984 trip 
was designed to sample both surrounding ranges and previously unreached portions of the 
Ningbing Ranges and Jeremiah Hills by helicopter, and then to use ground transport to collect 
and prepare material of all previously known species for electrophoretic analysis. Two new species 
of Cristilabrum from the Central and South Ningbing Ranges, Ordtrachia elegans from an eastern 
outlier of the Jeremiah Hills, and several new taxa from surrounding hill systems were collected 
(Solem, 1988). 


The individual collecting strategy on all trips was to gather a sample of live adult specimens 
adequate in number for dissection; to take these from as small an area as possible by identifying 
nodes of abundance; to take dead adult examples for variational analysis as they were uncovered 
in the search for live adults; to leave live juveniles alone; to pick a few dead juveniles for use 
in studying shell protoconch sculpture; and to try to rebuild the disturbed rubble heap so that 
the population would continue and rebuild the population numbers. 


The initial 1976 collections, made in the very late dry season, and then the 1977 collections, 
made early in the dry season, demonstrated that live examples required considerably more effort 
to find in the late dry season. Hence subsequent field work was concentrated in May and June. 


Materials 

Collections of the restricted endemic genera, Ningbingia, Turgenitubulus, and Cristilabrum, 
totalled 16,134 adult specimens, of which 2,325 (14.41%) were taken alive. There was little difference 
among the genera, with 651 (15.3%) live Ningbingia (7 taxa), 754 (13.37%) live Turgenitubulus (8 
species), and 920 (14.72%) live Cristilabrum (12 species). The range among species was larger, with 
a low of 7.12% (of 323) live adults for C. isolatum and a high of 31.73% (of 208) for C. buryillum. 


Specimens of all three genera tend to be highly clustered. At 57 stations there were 14 or more 
live adults collected, often with many dead adults also present. The average number of live adults 
in these larger samples was 27.4 (22.2%), with 95.8 dead adults (77.8%). A total of 7,023 specimens 
(average 123.2) was taken just at these locations. 


These prolific stations showed a combination of some shade to retard evaporation, some 
vegetation nearby to provide leaves as food, and rubble piles or crevices located above the plains 
level. An equally important criterion was that these sites would be visible to a collector. Experience 
soon focused collecting effort on these more likely spots. Frequently such places would be 
separated by 10 to 100 meters of bare rock, or by tantalizing 5 cm wide fissures in 10 meter high 
cliffs or boulders — with any snails well out of reach. 


Methods 

In the field, stations were plotted on the 1:100,000 Carlton or Knob Peak map sheets during 
1976, 1977, and 1980 trips, and grid references worked out. All stations were then plotted on the 
aerial photographs during the 1984 field work. For most stations, the location probably is accurate 
to within 50 meters. Subsequent to the field work, all grid references were converted into latitude 
and longitude to a level of seconds. 


Species decisions were based on anatomical structures and correlated conchological differences. 
Congeneric sympatric species showed obvious differences in terminal genital structures that 
correlated with often fairly minor shell changes. These situations enabled judging the probable 
relationship of allopatric populations. The patterns of these variations will be reviewed elsewhere. 


All species records from the systematic accounts of the camaenids (Solem, 1979, 1981a, 1981b, 
1984, 1985b, 1988) and the non-camaenids from the Kimberley and Northern Territory (Solem, 
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In press — A) were entered into the FLORAPLOT program at the Fish and Wildlife Research Centre, 
Wanneroo, Western Australia. This program plots species records with one second accuracy. The 
area to be covered ranged from all of Australia down to an area a few seconds square. Maps 
2-13, 15-16, 19, 22, and 24 were prepared by this program. They delineate the range of each species 
and show the patterns of microsympatry. 


In a separate process, the aerial photographs were used to trace outlines of the limestone 
exposures, stream channels, and the main access track, then to locate the collecting stations along 
the limestone masses. Photographs were available for almost all of the Ningbing Ranges, but not 
for the Jeremiah Hills. Map 14, developed from the 1:100,000 map sheets, also outlines the 
approximate areas covered by the detailed sections in Maps 17-18, 20-21, and 23. Map 25 of the 
Jeremiah Hills and surrounding areas, also was developed from the 1:100,000 topographic sheets. 
Map 1 serves as an introduction to the Western Australian localities mentioned in the text. 


A combination of grids and individual measurements were used to estimate the area of exposed 
limestone from which each species was known on maps 17-18, 20-21, 23, and 25. The resulting 
figures are approximations. Most of the limestone is not suitable habitat for snails, and the actual 
areas lived in will be a small percentage of the hillsides. Yet this is the nearest | can come to giving 
an estimate of species range. The premise has been that if a species has been recorded from one 
portion of a limestone mass, it probably occupies the entire mass — unless a different species 
has been collected elsewhere on the same hill. Especially in the Central (Map 20) and South 
Ningbing Ranges (Map 23), there are many additional limestone hillocks that need to be collected 
before range areas can be exactly determined. It is in some of these unvisited areas that additional 
new species may be found. The exposed dome areas above Four Mile Creek (Map 23) and much 
of the limestone inThe Pillars (Map 21) offer poor snail habitat, but additional species of camaenids 
undoubtedly exist in the Ningbing Ranges. 


Data on rainfall were obtained from the Bureau of Meteorology in the form of daily records 
for several years, or monthly and annual summations for longer periods. Missing and incomplete 
records for some stations limited the number of detailed comparisons that were possible. They 
did permit trying to develop a method of indicating the amount of activity time available to the 
land snails. 


The camaenid land snails entered Australia from the north after the Miocene plate collision 
occurred (Solem, 1979). The Ningbing Ranges and Jeremiah Hills probably were hill systems exposed 
in approximately their current configurations (see below) early in the Miocene, prior to arrival 
of camaenids into Australia. These hills were thus colonized by the camaenids. The question of 
intrageneric phylogeny will be discussed elsewhere as part of the review of speciation. Possible 
instances of speciation by vicariance do exist. Consideration of this subject is considered to be 
outside the purview of this paper. No attempt is made to consider broader distribution patterns, 
since that requires data from many other regions of Australia. 


LOCATION AND STRUCTURE 


The Ningbing Ranges and Jeremiah Hills protrude from the alluvial coastal plain that forms the 
current E bank of the Ord River in the far NE corner of Western Australia (Map 1). Shown on 
few general maps, because of both their small size and slight elevation, they are the only significant 
limestone exposures along the NW and N coasts of WA. 


Location 

The southern tip of the Ningbing Ranges lies about 53 air km NNW of Kununurra, with the 
ranges, exposed hills of Devonian limestone, continuing 43.5 km along a NNW axis (see Map 14). 
They extend from the N bank of Four Mile Creek to a last small outcrop just SW of Brolga Spring, 
which lies on the edge of the extensive tidal mud flats forming the E shore of the Ord River delta. 
The exposures are broken up into five main masses (see Map 14), which are referred to here and 
illustrated in detail as the North Ningbing Range (Map 17), Central Ningbing Range (Map 20), 
The Gorge (Map 21), The Pillars (Map 21), and the South Ningbing Range (Map 23). A number 
of outlying limestone fragments also contain land snails, although these hillocks are much too 
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small in size to have been named. All of these limestone hills are enclosed by the geographic 
coordinates 14° 53’ S to 15° 19’ S and 128° 34’ E to 128° 42’ E. 


Between the southern tip of the Ningbing Ranges and the Jeremiah Hills to the SE, is a broad 
area of alluvial plains and black mud flats that Sandy Creek and Redbank Creek drain into (see 
Map 25). Two very small, less than 100 m long, isolated limestone hills rise out of the plain. WA- 
624 near Redbank Creek (Map 25), which has no camaenids, is 8.2 km SE, and Laurie’s Bit (WA- 
676, WA-1020, Map 25), which shelters Cristilabrum isolatum Solem, 1985, is 9.2 km SSW. Otherwise 
there is a gap of some 13.6 km between the South Ningbing Range and the NW outliers of the 
Jeremiah Hills. The Jeremiah Hills and their outlying exposures can be included within an equilateral 
triangle whose sides are 8.4 km long. The northern and western sides have considerable exposed 
limestone, but the southeastern side consists of open plains only. There are a number of very 
small, scattered limestone hillocks in the central and northern portion, too small for recording 
on even the 1:100,000 map sheets, that have not yet been sampled for snails. The whole area 
is enclosed by the coordinates 15° 24-29’ S and 128° 44-48’ E. 


Current drainage of the area is varied. The South Ningbing Range and the Jeremiah Hills, as 
well as the sandstone Weaber Ranges to the NE, have small seasonal streams — Four Mile Creek, 
Redbank Creek, and Sandy Creek plus unnamed tributaries — that flow into and then are 
swallowed by the alluvial and black mud soils that start at Point Spring, Weaber Ranges and continue 
S across the Weaber Plain to the agricultural fields near the Kimberley Research Station and 
Kununurra. The northern portion of the South Ningbing Range and much of the Central Ningbing 
Range drain to the NNW into the Ord River — Surprise Creek on the E that passes through The 
Gorge to become Station Creek — and Mistake Creek on the W face (Maps 14, 20-21, 23). The 
N part of the E face of the Central Ningbing Range, plus much of the-E face of the North Ningbing 
Range (Maps 14, 17, 18, 20), drain into the Ord River through Tanmurra Creek to the S and an 
unnamed creek lying just to the N. Both of these creeks pass between the Central and North 


Ningbing Ranges. There are no well defined creeks that drain the W face of the Central Ningbing 
Range. 


A number of very small creeks drain the W slopes of the North Ningbing Range (Map 14) into 
the Ord River, while the upper E face of the North Ningbing Range drains into the mud flats 
fronting Joseph Bonaparte Gulf. One of these creeks passes within a few meters of Sta. WA-705, 
the northernmost exposed limestone inhabited by Ningbingia bulla Solem, 1981, and continues 
into the mud flats to the E of Brolga Spring (Map 14). The latter is a probable freshwater lens 
situated on the edge of the Joseph Bonaparte Gulf mudflats. 


At one time, the main channel of the Ord River probably ran E of the Ningbing Ranges, following, 
in part, the route of Eight Mile Creek (Plumb & Veevers, 1971). The latter lies SE of the Sorby 
Hills (lower right corner of Map 14), extending from near Kununurra and the Burt Range 
northeastwards past the Pincombe Range into the Keep River and eventually into the Northern 
Territory, emptying into the Turtle Point arm of Joseph Bonaparte Gulf. There is some indication 
that the E face of the Ningbing Ranges was subject to probable Miocene wave erosion (R. J. Lee, 
personal communication). No data are available concerning the actual past drainage patterns. 


Structure 


The Ningbing Ranges and most of the Jeremiah Hills are composed of the Upper Devonian 
Ningbing Limestone. It ^. . . is a reef complex in which four facies are recognized: reef (massive 
recrystallized limestone); fore-reef (breccia, conglomerate, calcarenite); back-reef (well-bedded 
calcarenite, birdseye limestone); and inter-reef (platy red and grey limestone)” (Plumb & Veevers, 
1971: 15-16). This is essentially the same basic formation that crops up sporadically near the Behn 
River, Lissadell Homestead, then S to Nicholson River as small hills, reappearing along the S edge 
of the Kimberley as the relatively massive Lawford, Laidlaw, Emanuel, Home, Pillara, Oscar, and 
Napier Ranges (Solem, 1984: 631-634, figs 159-162). Originally this was a combined barrier-fringing 
reef that surrounded the Kimberley Block. The western and northern segments were subtended 
in the mid-Mesozoic (P. E. Playford, personal communication), while the eastern side has been 
subject to periodic erosion and/or burial by alluvium. 
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Wherever these limestones are exposed today, they are inhabited by a large number of land 
snails. The rocks fracture easily into talus heaps and the larger blocks show many fissures. The 
deep crevices provide excellent moisture retaining shelter niches. 


Strong habitat contrast is provided by non-limestone rocks in the same areas. Hill systems to 
the east of the Ningbing Ranges, including Opir Hill (Maps 14, 20), Buryill Point (Maps 14, 23), 
and Knob Peak (Maps 14, 17), are quartz sandstone of Lower Carboniferous (Point Spring 
Sandstone) or Upper Carboniferous (Border Creek Formation) age. These expand into a major 
hill system connected to the much larger Weaber Ranges to the E (see Map 25). Except for the 
S facing and rather heavily vegetated higher cliffs of the Weaber Ranges, which are inhabited by 
low numbers of Torresitrachia weaberana Solem, 1979 (Map 12), Westracystis lissus (E. A. Smith, 
1894) (Map 4), Stenopylis coarctata (Moellendorff, 1894) (Map 5), Gastrocopta species (Map 6), 
and Eremopeas interioris (Tate, 1894) (Map 8), these formations are essentially "snail-free". The 
few exposures of sandy and silty Upper Devonian limestone known as the Buttons Beds are in 
the Sorby Hills, Eight Mile Creek area, and bed of the Ord River N of Ivanhoe Crossing (Plumb 
& Veevers, 1971: 16). They are not good snail habitats, although the Sorby Hills (WA-667, WA-1040) 
yielded a representation of the dry open country small species and Torresitrachia weaberana (Map 
12). 


Almost nothing is known concerning the Tertiary history of the Ningbing Ranges. Geologists 
familiar with the area are willing to state that the Ningbing Limestone has been exposed at least — 
since the start of the Miocene, that alluvial plains have been built and eroded during changes 
in sea level, and that the Ningbing Ranges may have been exposed in very much their present 
configuration since the early Miocene (Lee, Playford, personal communications). Probably there 
has been only a few meters reduction in emergent height of the ranges since the early Miocene, 
caused by the most recent buildup of the alluvial plains. Prior to completion of the Ord River 
dams, there is anecdotal evidence that occasionally there was flooding of the Ningbing Ranges 
to a significant depth. Solem (1981b: 323) recorded collecting a cluster of long dead examples 
of the freshwater viviparid Notopala essingtonensis (Frauenfeldt, 1862) in a dirt filled pocket on 
a limestone cliff about 7.5 m above the present floodplain. Presumably these were carried by flood 
waters, stranded there when the flood subsided, died, and were buried subsequently. With the 
dams now in place, such flooding will not recur. These past floods could have provided occasional 
accidental transport of snails between limestone masses. 


HABITAT PARAMETERS 


The Ningbing Ranges and Jeremiah Hills are centered in a relatively dry trough between two 
very wet regions — the Darwin area of rain forest to the E, and the Kalumburu-Mitchell Plateau- 
Kimbolton rain forest to the W. All these areas have a monsoon climate, with heavy summer rains 
between late October and March (Table 1), but the differing quantities of rainfall are reflected 
in dramatic changes of both vegetation and fauna. 


Moisture availability 

There are no rainfall gauging stations in the Ningbing Ranges. The nearest ones (Map 1), Carlton 
Hill Homestead (ca 22.5 km SW of the South Ningbing Range tip) and Ivanhoe Station (ca 11 km 
NW of Kununurra), probably give a reasonable approximation of total rainfall and number of rain 
days in the region. Including the more recent records supplied by the Kimberley Research Station 
(ca 5 km NE of Ivanhoe Station) and Kununurra itself in Table 1 serves to point out how the number 
of rain days can differ dramatically over a short distance. Lissadell, further S on the SE shore of 
Lake Argyle, is listed since it has limestone exposures with camaenid land snails present, while 
the far inland Halls Creek lies on the SE margin of the Kimberley Block, below the recorded limit 
for camaenid snails. 


It is not adequate to describe land snail and moisture regime interactions only in terms of annual 
rainfall and number of rain days. The data in Table 1 thus has been organized to reflect some 
basic limitations that moisture availability places on land snails in terms of activity. Near 100% 
humidity is required if water loss from their body is to be restricted to a tolerable rate. In the 
absence of abundant moisture, activity is possible at peril of their lives. During the dry season, 
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land snails aestivate. Even during the wet season, moisture availability is sporadic, and snail activity 
must be correlated with available moisture. There will be periods of several days to a few weeks 
in which the snails will suspend activity and resume aestivation. The rate of evaporation after a 
rainfall will be quite rapid on the surface, slower in a rock pile exposed to the sun, much slower 
in a shaded rock pile, and extremely slow in a deep fissure where water slowly seeps inward and 
downward. The top and base of a rock pile will become dry several days apart. Thus a “rain event” 
will permit different periods of activity for different populations of snails on the same hill. It is 
thus extremely difficult to establish correlative parameters regarding “the snails” on a multi-faceted 
hillside with varying degrees of evaporative water loss. 


Table 1 attempts to deal with this problem in a preliminary way. On the basis of chance 
observations in the Napier Range and the Cape Range, where | was at localities when a “first 
rain event” happened, some comments and predictions can be offered. In the Cape Range, there 
had been a rain in excess of 53.8 mm on 1 January 1974, possibly as much as 75 mm. Yet when 
I started collecting at Goat Cave on 16 January, there was no trace of snail activity. All live specimens 
collected had epiphragms in place. During that night there was a brief thunderstorm, which also 
fell on Ningaloo Homestead to the S. It registered there as 17.2 mm. Normally, according to owner 
Edgar Lefroy (personal communication), there is about 50% more rain on the Cape Range than 
at the Homestead (based on several years in which a gauge was maintained by the Lefroy's on 
the W slope of the Cape Range). | thus estimate that probably 25 mm of rain fell where we were 
camped. This was followed by three nights of snail activity, two with hundreds of active individuals, 
the third with reduced activity. 


On 5 December 1976, at Napier Downs station in the Napier Range, a late afternoon 
thundershower from the NE lashed the Homestead and E facing valley sides of the Napier Range 
S face with 18 mm of rain in about 15 minutes. The previous wet season had ended with 9 mm 
of rain on 21-22 March; early drizzles of 4 mm on 26 September and 6 mm on 21 October 
preceeded the 5 December fall of 18 mm. This latter shower activated snails in crevices on the 
E facing slopes within 15 minutes, but the W facing slopes received no rain and there was no 
sign of snail activation. A gentler fall of 10 mm on 6 December resulted in snail activity on both 
sides of the valleys. It is probable that brief showers, producing only a few mm of rain, will not 
penetrate far enough into talus or deep fissures to activate aestivating snails. A rain of 10 mm or 
more will activate most populations, and 8 mm of rain is good for about "one snail night" of activity. 


Thus | have, somewhat arbitrarily, selected a 10+ mm rain to mark both the beginning and the 
end of the wet season, and refer to rains over 10 mm as “significant falls". To emphasize that the 
rain is not continuous during the wet season, | also have recorded the dates for the second fall 
and then the "next to last" rain for each locality, given the range observed over a several year 
period, as permitted by available data, and then averaged the various dates. Because other data 
is based on a calendar year, | have calculated wet season on a “within the same year" basis. It 
would have been more accurate to use "actual wet season" length from its start in October of 
one year to its termination in March or April of the next year, but | balked at redoing all rainfall 
calculations to conform to seasonal realities. 


There is considerable annual variability (Table 1) as to the start of the wet season, although the 
average date clusters between 17 October and 5 November for all stations except Halls Creek. 
The end of the wet season clusters in early to mid-April, except for the earlier date at Lissadell. 
Normally there is a significant gap between "first and second" and "next to last and last" falls. 
Again excluding Halls Creek, the mean gap is 15.8 to 19.4 days between “Ist and 2nd”, then 10.4 
to 19.4 days between the “next to last" and “last” significant rains. The range of days between 
these pairs of events is very large. 


In a practical sense, an aestivating snail, that was prepared to function as a male, could be activated 
by the first rain, feed, mate, and during the “time gap" from “1st to 2nd” rain, fertilize and 
encapsulate eggs, using energy obtained from the food taken in during the activity period 
permitted by the “151 rain". Exactly this type of reproductive strategy has been hypothesized by 
Solem & Christensen (1984). Thus the time gap at the start of the wet season may have been 
incorporated into the reproductive cycle of the snails. 
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Excluding Lissadell, the average length of the wet season is not spectacularly different, clustering 
between 151 and 185 days. The “heart of the wet season”, here defined as the period between 
the “2nd rain” and the “next to last” rain, is 154 days for the very wet Mitchell Plateau, but only 
103-135 days at the E Kimberley stations. Number of rain days also varies greatly, both from year 
to year and over the short distances in the Carlton Hill-Kununurra area. 


The average and median annual rainfalls (Table 1) vary considerably among the stations. Mitchell 
Plateau, with an annual average of 1593 mm, receives twice as much rain as Carlton Hill. Darwin, 
Northern Territory (12° 25’ S, 130° 52’ E) has averaged 1479 mm/year during 70 years of record 
keeping. Of this, an average 1300 mm falls between November and March. In the Carlton Hill 
to Kununurra area, the median annual rainfall drops down to a range of 726 to 797 mm. The effects 
of one or two very wet years are clearly shown by the uniformly higher mean than median rainfall 
at these stations — 1968 and 1969 had 1442 mm and 1043 mm at Carlton Hill, but only 398 mm 
in 1970; Ivanhoe recorded the same pattern, but in 1974 also had 1170 mm (1974 records for Carlton 
Hill are incomplete, so the rainfall total for that year is not available). The period from 1974-1984 
was much wetter at Lissadell and Halls Creek than the 1951-1976 interval. There are both annual 
and short term fluctuations in rainfall, as demonstrated by the wide ranges recorded at each station. 


Given these fluctuations, raw annual data clearly are inadequate in defining moisture availability 
for land snails. The limestone of the Ningbings retains moisture far better than does the sandstones 
around Kalumburu and Mitchell Plateau. But the nearly doubled amount of rainfall, delivered 
essentially in the same amount of time (Table 1), supports a much more varied and luxuriant flora 
and more diverse land snail fauna in the W Kimberley. 


At least in regard to the semi-arid to arid areas, a perhaps more useful way to look at moisture 
availability to land snails is in terms of “snail activity nights” (SAN). This becomes particularly striking 
when a semi-arid area, such as Ningaloo station at the SW end of the Cape Range is analyzed. 
Between 1974 and 1984, the recorded total annual rainfall ranged from 102-451 mm (mean 272.3 
mm), and the annual number of rain days varied from 22-45 (mean 30.5). The estimated number 
of snail activity nights allowed by the rains was only 6.5-44.5 (mean 24.8). A snail activity night 
is provided by 8 mm of rain. Multiples of that increase the number of “active nights", i.e., 32 mm 
of rain would support four nights and 56 mm would support seven nights of activity. There would 
be diminishing returns as the amount of rain increased, since the extra water would run off from 
the snail inhabited hillsides. | doubt that rains of 75-100 mm would effectively prolong the period 
of snail activity. Rains falling on consecutive days, or when the “new” fall comes before the projected 
activity period has lapsed, are counted here as representing a single "event". In the Cape Range, 
such events are scattered over eleven months of the year. Only December failed to show a SAN 
from 1974 through 1984. The maximum number of such events for any month occurred in May 
(9), with June (8), March and July (7), August and February (6), and April and January (4) combining 
to account for 51 of the 57 "events" in eleven years. The annual average of such events is only 
5.2 (range 2-8). The Cape Range is a floristically and malacologicaly rich area compared with other 
sections of the W coast of WA, yet the land snails would average 5.2 "activations" per year for 
a total of 24.8 SAN's. The Cape Range has no "wet season". The comparatively little rain it does 
receive comes as occasional drenchings, yet the land snails flourish. Low lying coastal areas to the 
S benefit from occasional ocean fogs rolling inland and providing condensation water to 
supplement actual rainfall. The number of such fog episodes is not known to me and | also do 
not know if such fogs penetrate into the heart of the Cape Range. The above items may increase 
the moisture availability somewhat, but the basic pattern will be little altered. 


The above analysis is especially appropriate to an area with sporadic and aseasonal rainfall. It 
focuses on the extremely limited activity time provided by even heavy showers. Applying this 
analysis to the Kimberley, with its marked seasonality of rainfall and much larger amounts of rain, 
is more difficult. The number of storms occurring in the heart of the wet season can result in 
almost continuously moist conditions, and the concept that 8 mm rain = one snail activity night 
may have less validity. The denser vegetation in the Kalumburu-Mitchell Plateau area would retard 
evaporation rates, but the concept of less than full time activity patterns would hold. 


Despite these caveats, it is very instructive to compare the conditions during "average" wet 
seasons at the Mitchell Plateau and Carlton Hill station. Because the data set is incomplete for 
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Carlton Hill, it was not practical to compare the same wet seasons. And, to give a more realistic 
comparison, data from October of one year through March of the next year, rather than same 
year data, have been used for the sample wet seasons. This gives an actual wet season period, 
rather than the “parts of a year that are wet” analysis used above for convenience. The basic data 
are: 


Annual averages Sample period 
Mean Mean days Year Rainfall Days 
Rainfall in wet in wet in wet 
Mitchell 1593 mm 185 1975-6 1769 mm 194 
Carlton 776 mm 151 1971-2 822 mm 158 


Since both wet seasons are slightly wetter and longer than the means, this is a fair comparison. 
At Carlton Hill, there were 12 “rain events” providing 78 “snail activity nights” (SAN); at the Mitchell 
Plateau, there were 20 rain events producing 104 SAN. During the “heart of the wet season” (here 
defined as period of most concentrated rainfall) at Carlton Hill (21 November through 18 March) 
there were 71 SAN (60%); and at the Mitchell Plateau (1 January through 28 February) there were 
45 SAN (75%). In the combined start and end periods of the wet season at Carlton Hill (8-20 
November and 19 March through 13 April), there were only 7 SAN (18% of 39 days); at the Mitchell 
Plateau (9 October through 30 December and 1 March through 19 April), much more activity 
was possible, with 59 SAN (44% of 134 days). At Carlton Hill, the four best months for snail activity 
were November (11 SAN), December (17), February (19), and March (18); at the Mitchell Plateau 
the equivalent figures were December (18), January (22), February (23), and March (22). 


Despite sharing the same basic monsoonal climate, and usually exposure to the same cyclonic 
storms, snails living on the Mitchell Plateau can be somewhat more active (25%) in the heart of 
the wet season, and much more active (144%) during the beginning and end of the wet season 
than can snails living near Carlton Hill. The limestone rocks in the Ningbings may extend the activity 
periods somewhat, but there are real differences in opportunity for being active that correlate 
with the different patterns of precipitation. 


The sheer quantity of rainfall at the two places also makes the fate of streams and pools very 
different. The streams on the Mitchell Plateau mostly maintain at least a trickle flow even near 
the end of the dry season, and there are major permanent pools of water. During the wet season, 
the streams become impassable raging torrents. In the Ningbing Ranges, the streams flow through 
much of the wet season, are reduced to isolated pools early in the dry season, and mostly dry 
out by the middle of the dry season. Brolga Spring (Map 14) is the only significant permanent 
body of water. It is fed by seepage through the mud and alluvial plains and probably is a lens 
of freshwater on top of a brackish water base. Brolga Spring has a fringe of palms and other wet 
area plants, in part certainly natural, but possibly supplemented by residents during the periods 
when Brolga Spring functioned as an outcamp for the former Ningbing Station. It is a wet oasis 
during the dry season and harbors some wet area land snails (see below). 


Insimple summary, no understanding of the semi-arid area land snails is possible without realizing 
the extent to which their periods of activity are limited by the unavailability of moisture. Contrasting 
the three areas discussed above, the Mitchell Plateau, receiving an average of 1593 mm of rain, 
has a dry season of 171 days (in which no snail activity occurs) and probably an additional 90 days 
DURING the wet season in which activity in the average rock pile or crevice must be suspended 
— for a total of 261 days (71.5%) without activity. At Carlton Hill, which receives an average of 
776 mm of rain, the dry season is 207 days, plus an additional 80 days of suspended activity during 
the shorter wet season, for a total of 287 inactive days (78.6%). At Ningaloo, there is no wet season, 
and the average annual inactivity time is estimated at 340 days (93.2%). 


The above summary figures also demonstrate that, once a land snail is adapted to a monsoon 
climate, where there are dependable long periods in which aestivation is necessary, adjustments 
to semi-arid or arid conditions probably are minor accomplishments — the rise from 71.5% to 
93% inactivity days. 
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Vegetation 

There are neither vine thickets nor rain forest patches in the Ningbing Ranges and Jeremiah 
Hills. While patches of black mud, in particular, are capable of bogging vehicles well into the dry 
season, and soft patches exist through most of the dry season, there are no swamps or Pandanus 
— except around the fringes of Brolga Spring, which is well removed from the limestone outcrops. 
There are no cycads, nor Livistona palms. There are no closed forest conditions. Basically they 
have savannah type cover with stands of tall grass and numerous scattered baobab trees 
(Adansonia). Rarely are there large trees of other species growing from the rock crevices that can 
provide falling leaves as food for the snails. 


The contrast with the Mitchell Plateau and its 649 species of plants and 14 structural formations 
(Hnatiuk & Kenneally, 1981), many stands of dense rain forest and vine thicket, hillsides with cycads, 
often nearly closed forests with Livistona palms, and swamps is stark. 


Recent years have seen increased pyromaniac tendencies among inhabitants of the Kimberley. 
Casual dry season fires started by flicking lighted matches into dry grass clumps (early 1970’s) have 
been replaced by deliberate fire bombing of extensive areas. In 1984, the sky over the Ningbing’s 
was blackened by smoke clouds and we had to shift collecting to other areas during the worst 
of the blazes. Fortunately, those snails in deeper talus will survive all but the largest fire storms. 
Unquestionably, this substitution of annual, whole area burning for the historical partial burns, 
and the pre-human habitation pattern of major blazes at irregular intervals, will have considerable 
effect upon the vegetation diversity and cover. 


Snail occurrence 

Land snails in the Ningbing Ranges and Jeremiah Hills are not randomly distributed. Most species 
are highly clustered and limestone associated, whether it is in the main masses or under loose 
blocks or in crevices of half meter high exposures. The primary exception is Xanthomelon 
obliquirugosa (E. A. Smith, 1894). Although low numbers of dead shells have been collected from 
limestone localities throughout the North and Central Ningbing Ranges (Map 7), Xanthomelon 
probably is basically a plains dweller that burrows into the soil to aestivate (as do its relatives near 
Darwin). 


On the limestone masses themselves, limestone rubble accumulations at the base of cliffs, bottom 
of horizontal or vertical crevices, and even small rock piles by the side of boulders on an otherwise 
barren slope are apt to be aestivation sites for camaenid land snails. All of the Ningbing-Jeremiah 
camaenids are “free sealers”, that is, the shell aperture is closed by a sheet of calcified mucus, 
with the shell lying loose in litter, rubble, or on the soil surface. Occasional juveniles will be found 
sealed to a rock surface or to another shell, but the adults never attach during aestivation. The 
other two restricted endemic species, Georissa species (Map 3) and Gyliotrachela ningbingia Solem, 
1981 (Map 2), are found sealed to rocks in rubble not buried by soil, most commonly in the small 
hemispherical pits on the rock surface or in small crevices or fractures. The large number of stations 
recorded for these two species reflects the fact that in removing rocks from the top of the talus 
in order to reach the level of live camaenids near the bottom of the pile, these small, colourful 
(Сеогіѕѕа orange-yellow; Gyliotrachela purplish-brown) snails are readily spotted. Westracystis lissus 
(E. A. Smith, 1894) (Map 4) seals to rocks or leaves (Solem, 1982: 187, figs 12-13), and sometimes 
Gastrocopta sp. (Map 6) or Pupilla pacificus (Pfeiffer, 1846) (Map 9) will be found sealed to rocks. 
The other genera (Stenopylis, Map 5; Eremopeas, Map 8; Discocharopa, Map 11) found in the 
limestone areas are litter dwellers. One species found on the fringes of the limestone masses, 
Torresitrachia weaberana Solem, 1979 (Map 12), is a litter or rubble dweller that free seals. Several 
taxa that occur on the wet margins of Brolga Spring (Pupisoma orcula [Benson, 1850], Map 10; 
Pupisoma sp., Map 10; Coneuplecta microconus [Mousson, 1865], Map 11; Nesopupa mooreana 
[E. A. Smith, 1894], Map 11) are mostly litter dwellers that will forage on bark during activity periods, 
although Pupisoma does aestivate in crevices of rough barked trees (Vince Kessner, personal 
communication). No live Austrosuccinea have been taken in the Ningbing Ranges. In a watered 
garden on the Kimberley Research Station grounds (Sta. WA-1049, FMNH 211926) specimens were 
live in litter at the base of a tree. In the Red Centre, Austrosuccinea (= Succinea and Arborcinea) 
aestivates sealed to started bark on large river gums by stream banks. George W. Kendrick (personal 
communication) has found it among cane grasses on the black soil flats near Barker Gorge, Napier 
Range. 
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The dominant camaenids can aestivate at any level of a rock pile or crevice. Those near the 
top run the risk of being baked during the dry season, and late dry season sampling (November 
1976) resulted in finding many examples with dried soft parts intact. Collecting early in the dry 
season (May and June) finds these still alive, and the collector is, in effect, cropping doomed 
individuals when these live snails are taken for research study. The mass of live individuals will 
be found deeper in the piles, but above the level silted in by dirt. The latter “graveyards” may 
contain hundreds to thousands of empty shells, many with epiphragms or epiphragm fragments 
still in place. 


Those snails near the top of the pile could be activated by evendight showers, but run the risk 
of drying out between wet seasons. Those at the very bottom of a pile may become buried by 
flood silt and die. Those just above the silt level will have maximum activity periods. 


The area required for a successful colony of camaenids to persist seems to be incredibly small. 
For example, Station WA-700 in the North Ningbing Range (Map 17), was a pocket of rocks about 
two feet in diameter and two feet deep, situated on the south side of a large (8 feet high) boulder 
perched about 5 meters up from the alluvial plain on a slanted slope that was barren of vegetation. 
This “pocket” yielded 60 live and 175 dead adults of Ningbingia dentiens Solem, 1985 and 18 dead 
adults of N. laurina Solem, 1979 — even though much of the colony was left unexcavated to ensure 
survival of the colony. The boulder provided shelter from direct insolation; the barren slope 
prevented significant soil accumulation that would silt up the pocket; the small rocks had a warren 
of crevices through which the snails could move and plenty of room for aestivation; and leaves 
blown against the boulder by winds would drift into these crevices, providing food for the snails. 


COMPOSITION OF THE FAUNA 


At present, 43 species of land snails are known from the Ningbing Ranges and Jeremiah Hills 
(Tables 2, 4). Thirty are found nowhere else in the world. Of these, three belong to genera with 
wider distributions; 27 to genera found only in these ranges. The remaining 13 species (Table 2) 
also are indigenous, but have extended ranges. A number of other species come close to, but 
do not reach the ranges, and additional taxa in the hills to the east, west, and south serve to define 
the Ningbing fauna by their absence. 


Two species are restricted to, but generally distributed within, the Ningbing Ranges and do 
reach the Jeremiah Hills. The prosobranch genus Georissa Blanford, 1864 ranges from Japan and 
India to Hawaii and the Austral Islands. It is fairly common in Indonesia, especially Borneo, and 
rare in New Guinea. The only other Australian records are from near coastal Queensland and 
northern New South Wales (see Solem, In press — A). The Ningbing Range species, Georissa new 
species (being described by Solem, In press — A), is one of the commonest species in the Ningbing 
Ranges and Jeremiah Hills, recorded from 58 collections (Map 3). It is more common in the northern 
sections. Gyliotrachela Tomlin, 1930 is a basically southeast Asian and Indonesian genus, belonging 
to the Pupillidae. There are only a few widely scattered Australian species (Solem, 1981c, In press 
— A): Gyliotrachela napierana Solem, 1981 from the western Napier Ranges, southwest Kimberley; 
G. catherina Solem, 1981 from the Douglas-Daly area southwest of Darwin and near Katherine, 
Northern Territory; G. australis (Odhner, 1917) from Chillagoe Caves, northern Queensland; and 
G. ningbingia Solem, 1981 from the Ningbing Range and Jeremiah Hills (Map 2), which also is 
more common in the northern sections. 


The 28 species with restricted ranges (Tables 3-4) all have been described in the last few years 
(Solem, 1981b, 1985b, 1988). Ordtrachia elegans Solem, 1988 has been found in the easternmost 
outlier of the Jeremiah Hills (Map 12), where it is sympatric with two other camaenids, Cristilabrum 
bilarnium Solem, 1981 and C. spectaculum Solem, 1985. Its total range is about 0.32 km?. Other 
species of Ordtrachia range from near the Behn River and Lake Argyle south to Nicholson (Solem, 
1984: 647-670). 


Ningbingia Solem, 1981 has six species and a described subspecies; Turgenitubulus Solem, 1981 
has eight species; and Cristilabrum Solem, 1981 has 12 species. The overall generic distribution 
pattern is one of allopatry (Maps 13-14), with Ningbingia restricted to the Northern Ningbing Range 
(also Map 16); Turgenitubulus (Map 19) to the Central Ningbing Range, The Gorge, and The Pillars; 
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and Cristilabrum (Maps 22, 24) to a small portion of the Central Ningbing Range, South Ningbing 
Range, and the Jeremiah Hills area. Turgenitubulus apparently has evolved from Cristilabrum, but 
Ningbingia represents a separate phyletic unit (Solem, unpublished). All of these species have very 
restricted ranges, occupying only small portions of the Ningbing Ranges and Jeremiah Hills (Tables 
4-5, 7). Details of their distributions will be discussed below. 


The indigenous, but not restricted, taxa show a variety of affinities and distributions. They are 
discussed as: 1) the eight taxa that inhabit the main range; and 2) the five taxa fringing the main 
ranges. They are varied in both taxonomic position and ecological patterns. Details of distribution, 
illustrations, and a summary of ecological data are presented in Solem (In press — A) for the non- 
camaenid taxa. Family affinities are listed in Table 2. 


The main range taxa consist of: 

Westracystis lissus (E. A. Smith, 1894) (Map 4): Very common throughout area, also northwest on 
Shakespeare Hill. It ranges throughout the Kimberley from the Napier Range east to the Lawford 
Range, then north to Kalumburu and east through the Ningbing and Weaber Ranges into the 
Northern Territory as far as Timber Creek Police Station. It is replaced in the rest of the Northern 
Territory above the Roper River by Westracystis fredaslini Solem, 1982. It has not been found 
in the drier East Kimberley from Nicholson to just south of Kununurra. 


Stenopylis coarctata (Moellendorff, 1894) (Map 5): This species is common in the North and Central 
Ningbings, then reappears in the Jeremiah Hills, Weaber Ranges, and Sorby Hills. Extralimitally, 
it has been found throughout the Kimberley, Northern Territory above the Roper River, in 
Queensland as far south as near Bundaberg, and throughout the Red Centre. To the north, 
it ranges from the Philippines and Indonesia to the Solomon Islands. 


Gastrocopta new species (to be described in Solem, In Press — A) (Map 6): Common throughout 
the area. In the Northern Territory, it has been collected at Melville Island, Oenpelli, West 
Arnhem Land, near Mataranka, and Daly Waters. In Western Australia, it ranges in the drier 
east and south portions of the Kimberley, but is mostly absent from the very wet Prince Regent 
River and Mitchell Plateau areas. 


Xanthomelon obliquirugosa (E. A. Smith, 1894) (Map 7): Present in low numbers through the North 
and Central Ningbing Ranges, and The Gorge. Dead examples are scattered on plains areas 
below the South Ningbing Range. A few individuals have been found on the margins of the 
Sorby Hills and Weaber Ranges, but it has not been taken in the Jeremiah Hills. Found west 
of the Ord River on the Lyne River (WA-985), then west to the Drysdale River, Kalumburu, 
Mitchell Plateau, some offshore islands and the north tip of the Prince Regent River Reserve. 
It has not been collected in the Northern Territory, nor from inland areas of the Kimberley. 
See Solem (1979: 35-42; 1985b: 921-922) for discussion and illustration of this species. 


Eremopeas interioris (Tate, 1894 (Map 8): Rather rare in the Ningbing Ranges, but commoner in 
the Jeremiah Hills, Weaber Ranges, Sorby Hills, and at the Kimberley Research Station. Common 
throughout the Kimberley, with southern isolated occurrences in the Pilbara and Cape Range. 
Replaced in wetter portions of the Northern Territory above the Roper River by E. tuckeri 
(Pfeiffer, 1846), but present from near Port Keats east to Katherine and south to Nicholson, 
then common in much of the Red Centre. There are a few isolated records in western 
Queensland. Lives under a wide variety of moisture conditions. 


Pupoides pacificus (Pfeiffer, 1846) (Map 9): Rare in the Ningbing Ranges and Jeremiah Hills. Found 
in the Weaber Ranges and Sorby Hills, becoming much more common inland in the East 
Kimberley and along south fringes of the Kimberley. It also is common in basically drier patches 
of the Northern Territory. In Queensland, it ranges from Torres Strait into New South Wales 
near Barrington Tops. It is not common in the rain forest patches of the Kimberley or Northern 
Territory. 


Austrosuccinea species (Map 10): A very few dead examples have been found in the Ningbing 
Ranges. Live juveniles were taken from a watered garden at the Kimberley Research Station. 
Its specific identity and relationships remain unknown. There are scattered records from both 
the Kimberley and Northern Territory above the Roper River. Succineids are moderately 
common in the Red Centre. 
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Discocharopa aperta (Moellendorff, 1888) (Map 11): Probably rare in the Ningbing Ranges, but 
can be overlooked easily because of its small size. Also recorded in low numbers from many 
rain forest patches in Western Australia, a few Red Centre localities, and at a few localities north 
of the Roper River. It lives in Queensland, ranging south to the northern tip of New South 
Wales. Its extralimital range is from the Philippines and Indonesia through New Guinea and 
the Bismarck Archipelago to the Society, Austral, and Kermadec Islands. 


The above species are a highly varied lot. Stenopylis and Discocharopa are Indonesian- 
Melanesian taxa that have managed to colonize Australia as far south as the Red Centre. Pupoides, 
Gastrocopta, Eremopeas, and probably Austrosuccinea are essentially drier country species of 
general Kimberley-Northern Territory above the Roper River distribution, one of which (Pupoides) 
also extends into Queensland and New South Wales. Westracystis lissus is a hardy species found 
from very wet to moderately dry areas, although absent from the Lake Argyle to Nicholson portion 
of the East Kimberley. Xanthomelon obliquirugosa is at its eastern distributional limit, and is basically 
a species of the wetter north Kimberley. 


The above species do not represent a coherent faunal unit and do not show congruent tracks 
in the sense of vicariance biogeography. They simply are species that inhabit the Ningbing Ranges 
because that area occurs well within their individual ranges. 


The fringing species also are reviewed in Solem (In press A): 

Pupisoma orcula (Benson, 1850) (Map 10): One record from a wet patch in the Ningbing Ranges. 
Very rare on Mitchell Plateau and near Carson River, Western Australia, common in vine thicket 
and rain forest patches of the Northern Territory. Ranges from Southeast Asia to the Tuamotu 
Islands and South Africa. 


Pupisoma species (Map 10): Found at Brolga Spring (Map 14), South Goulburn Island, and near 
Katherine, Northern Territory. Actual range and identity unknown. 


Coneuplecta microconus (Mousson, 1865) (Map 11): Found at Brolga Spring (Map 14), scattered 
wet areas in the West Kimberley and Northern Territory above the Roper River, and coastal 
Queensland. Reported from Malaya and Indonesia, but not New Guinea, then Vanuatu, Fiji, 
Tonga, and Western Samoa. 


Nesopupa mooreana (E. A. Smith, 1894) (Map 11): Found at Brolga Spring (Map 14), common 
in the Drysdale National Park, recorded on the Mitchell Plateau and near Kalumburu. Widely 
distributed in the Northern Territory above the Roper River. 


Torresitrachia weaberana Solem, 1979 (Map 12): Found at scattered localities along the fringes of 
the North Ningbing Range — for example, at the base of a baobab some 20 meters from the 
nearest limestone by the bank of a seasonal stream (WA-633, Map 14) and in horizontal fissures 
on a very small limestone hillock at the southwest margin of Utting Gap (WA-994, Map 17). 
Common in Weaber Ranges, Sorby Hills, and near Spirit Hill by the Keep River in the Northern 
Territory. See Solem (1979: 84-86; 1985b: 924) for illustrations and discussions. 


Two of the above species, Pupisoma orcula and Coneuplecta microconus, are Indonesian- 
Polynesian taxa that have extensive ranges in the Northern Territory above the Roper River, and 
are rare in the rain forest areas of the Kimberley. In would not be surprising if Liardetia scandens 
(Cox, 1872), which has a comparable distribution (Solem, In press — A), also is found eventually 
near Brolga Spring. Pupisoma sp. may be an undescribed species. All three of the above are “wet 
area" taxa from the margins of Brolga Spring or a seasonally wet area. A number of “wet area" 
taxa with combined Kimberley-Northern Territory ranges (Solem, In press — A) are conspicuous 
by their absence: Pleuropoma walkeri (E. A. Smith, 1894), Elasmias manilense (Dohrn, 1863), Elasmias 
terrestris (Brazier, 1876), Pupisoma circumlitum (Hedley, 1897), Nesopupa novopommerana |. 
Rensch, 1932, a new genus and species of pupillid (Solem, In press — A), Amimopina macleayi 
(Brazier, 1876), and Wilhelminaia mathildae Preston, 1913. The "dry area" Gastrocopta recondita 
(Tapparone-Canefri, 1883), from the South Kimberley and drier areas above the Roper River also 
may be discovered in the vicinity of the Ningbing Ranges and Jeremiah Hills. It is quite possible 
that the "center of the continent" species Gastrocopta deserti Pilsbry, 1917 may be found further 
north of its single area record at the Ord River Crossing of the Great Northern Highway (Map 
6). 
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Torresitrachia weaberana belongs to a genus that extends from Torres Strait west to the Napier 
Range and Kimbolton area. In both the Napier Range and the Ningbing Ranges itis a fringe dweller, 
apparently, for unknown reasons, excluded from main limestone masses by other camaenid 
species. 


The recorded fauna is thus a scattering of eight fairly dry adapted species with varying extralimital 
distributions; a few “wet area” taxa on the shores of Brolga Spring, just northeast of the Ningbing 
Ranges; one representative of a wide ranging genus, Torresitrachia weaberana, that is found up 
to, but not into, the Ningbing Ranges; two endemics common throughout the Ningbings, Georissa, 
new species and Gyliotrachela ningbingia, who have few (and distantly located) Australian relatives; 
and then the 28 restricted endemics with very small geographical ranges — Ningbingia, 
Turgenitubulus, Cristilabrum, and Ordtrachia elegans. Without the latter grouping, the Ningbing 
Ranges and Jeremiah Hills would be worth only a biogeographic footnote in a general review 
of the Kimberley-Northern Territory land snail fauna. 


In a past wetter period, especially if vine thicket or rain forest vegetation were present, 
undoubtedly many of the “wet area” species now present to the west and the east would have 
been living in the Ningbing Ranges, making this area part of a continuous fauna extending from 
the Gulf of Carpenteria west to the Prince Regent River Reserve and probably further south. Some 
of the current “dry area” taxa might not have been present. Undoubtedly climatic shifts have altered 
the composition of the Ningbing land snail fauna through time. 


Several taxa recorded from sandstone hills east, south, and west of the Ningbing-Jeremiah area 
are important in understanding the nature of the camaenid fauna. The genus Mesodontrachia 
Solem, 1985 (Map 13) is represented in the Cockburn Range southwest of Wyndham by M. 
cockburnensis Solem, 1988, and then further east by M. desmonda Solem, 1985 from near 
Desmonds Passage, West Baines River and M. fitzroyana Solem, 1985 from ca 20-25 km east of 
Timber Creek Police Station along the Victoria Highway in the Northern Territory. Amplirhagada 
Iredale, 1933, a south and West Kimberley genus, is now known (Map 12) from the Lyne River, 
which drains into the west side of the Ord River (A. cambridgensis Solem, 1988); A. questroana 
Solem, 1981 from the Salmond, Chamberlain, and Pentecost Rivers in the Elgee Cliffs-Durack Range 
area southwest of Wyndham; and A. osmondi Solem, 1988 from the Palms Yard-Bungle Bungle 
Outstation region in the drainages of Red Rock Creek and Osmond Creek, upper Ord River 
drainage, southeast of Turkey Creek. One additional genus, Prymbriareus Solem, 1981, from near 
the junction of the Pentecost and Chamberlain Rivers (Map 12) is important as representing the 
genus that is anatomically most similar to Ningbingia. The above three genera occupy the best 
snail habitable hills around the Ningbing Ranges. Their presence effectively narrows the possibility 
that any of the Ningbing genera will be found elsewhere. 


SHORT RANGE SPECIATION PATTERNS 


The total length of the Ningbing Ranges and Jeremiah Hills is approximately 52 km. Within that 
distance are packed more than 28 species of short range endemic camaenid land snails. Most 
species are allopatric, but there are eight areas (Table 8) of microsympatry (only one involving 
more than two species). The linear ranges of the species are only 0.1-6.1 km (median 1.65 km). 
The area of limestone apparently occupied by each species varies from 0.01 to 7.45 km? (median 
0.825 Кт). 


This radiation fills the available habitat space. There аге no “vacant hills” suggesting that either: 
1) ranges might be constricting and thus extinction approaching; or 2) that the radiation is too 
young to have expanded to the limits of available space. It is an exuberant radiation with no places 
left to go. 


Collecting to date has demonstrated that wherever rubble piles can be found or crevices 
investigated, at least recently dead examples of these species will be found. A possible exception 
may be very small hillocks that are only a few meters in diameter. One such hillock near Utting 
Gap in the North Ningbing Ranges (Map 17, WA-994) had Torresitrachia weaberana present, but 
no specimens of Ningbingia. Time available to date has not permitted extensive sampling of outlying 
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hillocks to try and estimate the minimum hill size needed to maintain a colony of the restricted 
endemic species. Such a survey would be well worthwhile. 


Tables 4-8 and Maps 14-25 summarize the data on the endemic restricted camaenids. The two 
basic measurements used are total linear range and total limestone area range. 


Linear ranges were calculated very simply. The distance between the furthest stations from which 
examples have been collected, or the distance from occupied limestone mass tip to limestone 
mass tip, was measured to the nearest 0.1 km. These were done, preferably, on the “limestone 
exposure” maps (Maps 17-18, 20-21, 23), but otherwise | used the-1:100,000 Carlton 4667 (Edition 
1) and Knob Peak 4668 (Edition 1) map sheets on which the 1976, 1977, and 1980 stations had 
been plotted in the field. 


East slope collecting stations are more numerous for two reasons. First is the simple matter that 
there is four-wheel drive access to the east slope; the west side is behind barriers of 0.5-1 meter 
high reef edges, dense stands of cane grass hiding 1-2 meters vertical stream banks, and black 
mud bogs. Thus most west slope localities were visited on helicopter trips in 1984. Second, field 
efforts have been concentrated on determining: 1) transition points between species; or 2) the 
lengths and continuity of overlap sympatric zones. In the North Ningbing Range (Map 17), for 
example, when stations WA-667, WA-666, WA-636 produced collections of the same two species, 
time was not devoted to sampling the area between WA-666 and WA-636. On the east slope below 
Utting Gap, stations WA-639, WA-642, and WA-643 had populations of Ningbingia res, while N. 
australis australis appeared at WA-644, about 0.65 km further south. The cliff face between WA- 
643 and WA-644 contained no easily accessible rubble piles in which to collect. Thus this gap in 
sampling was not filled because of time constraints. West slope sampling did permit identifying 
the exact transition between N. res and N. australis (WA-1023). Similarly, the east slope of the South 
Ningbing Range (Map 23) shows a collecting gap of about 1 km along the limestone edge from 
WA-1018 to WA-226. This area is a sheer cliff face. It was walked on two occasions. Dead examples 
of C. primum were noted on the ground, but no “good rubble” was spotted that would permit 
collecting a series of live individuals. In contrast, stations WA-617 through WA-623 mark our 
zigzagging efforts to locate (successfully), the transition point between C. primumand C. grossum. 


Area calculations were done by estimating the size of all limestone exposures from which the 
species has been recorded. A few arbitrary allocations had to be made. In the South Ningbing 
Range (Map 23), Cristilabrum buryillum and C. simplex are “credited” with the entire large mass 
south-southwest of Buryill Point, although records are only from its eastern face. The small hills 
to the northwest at the top of the map are, in contrast, ignored, as they have not yet been visited 
and we thus do not know what species lives there. Only the east edge of the large mass above 
Four Mile Creek (lower left of Map 23) has been included in the area estimate for C. bubulum, 
because this mass is a flat dome of unvegetated and unfissured rock that provides no snail aestivation 
sites. Including all of The Pillars (Map 21) as range for Turgenitubulus aslini is based on its presence 
at several stations, and the small distances between all rock masses in this part of the range. 


More detailed collecting will alter some of the linear ranges by a few hundred meters at most, 
and may increase or decrease particular area estimates by up to 0.5 km? for some of the larger 
ranges. Any new species that are added undoubtedly will have ranges near the lower end of the 
distribution, since there are no large unsampled areas of good snail habitat left. Details of the range 
data will change, but the basic picture should remain the same. 


The above comments provide necessary background to the discussion of actual ranges. 


Table 4 lists the ranges in taxonomic order. The median inhabitable linear ranges within each 
genus are essentially identical, considering the small number of species and proportionately «reat 
range within genera. The smaller area ranges of Cristilabrum species probably reflect the fact that 
it occupies a smaller total area of limestone (see Maps 14, 20, 23, 25) than do the other genera. 
There is simply no space available for large area ranges. It is concluded that there is no inherent 
generic level difference in range pattern. 


A distinction is made in Tables 4 and 6 between "linear range" and "habitable range". The former 
is the gross distance between extreme populations; the latter is the gross distance minus the areas 
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of black mud or alluvial plains in which these camaenids cannot live. The four species in which 
there is a significant difference between linear and inhabited range (Table 6) all involve “small 
island” ranges. Ningbingia bulla is found on the north tip of the main mass of the North Ningbing 
Range (Map 17), but also lives on very small isolated hillocks scattered to the north (Maps 16, 
17). These outlying colonies are near the banks of the unnamed creek (Map 14) that drains much 
of the east slope of the North Ningbing Range. Floods could easily transport examples of N. bulla 
washed off the main mass out to these northern isolates. Turgenitubulus christenseni (Maps 18- 
19) lives on both sides of Tanmurra Creek, partly on a peninsula, partly on isolated hillocks. 
Cristilabrum isolatum (Maps 22, 25) lives in the Sandy Creek area on two very small and isolated 
hills. Cristilabrum spectaculum (Maps 22, 25) is generally distributed through the scattered Jeremiah 
Hills. Given the present immature drainage of this area, flooding probably would accidentally 
transport both of these species from isolated hill to isolated hill. 


The species are listed in order of linear habitable range in Table 5. Five species ranges аге more 
than 4 km: three are Ningbingia from the very large mass of the North Ningbing Range (Maps 
16-17); Turgenitubulus aslini (Maps 19, 21) lives in both The Gorge and The Pillars; and Cristilabrum 
bubulum (Maps 22-24) extends along the cliffed margin of a large dome formation. 


The area occupied by each species is listed in ascending size in Table 7. Those with the five 
largest ranges, over 3 Кт, are almost the same group that showed the greatest linear ranges. The 
exception is the deletion of Cristilabrum bubulum (Maps 22-24), whose area is reduced in size 
because much of its range apparently is along a cliff face, and the substitution of Turgenitubulus 
pagodula (Maps 19, 21), which ranges throughout the large mass of The Gorge. The most 
extraordinary fact is that 20 (71.4%) of the species each have a total species range area of 1.2 km? 
or less. 


The basic facts of distribution outlined above are simple. Explanation of the patterns is 
complicated. Much will have to be deferred to a subsequent discussion of phylogenetic patterns. 


Certainly one facet of critical importance in understanding this distribution pattern is that all 
of the species show the same aestivation strategy and feeding structures. This undoubtedly reflects 
the fact that there is a defined wet season with more than 700 mm of annual rainfall (Table 1). 
Leaves and grass fragments are a plentiful source of food. The estimated 78 "snail activity nights" 
provide plenty of time for feeding. In the western Napier Range, where both the median annual 
rainfall (644 mm) and rain days (40) (Solem and Christensen, 1984: 473, Table 1) are somewhat 
less (compare Table 1), there is divergence in feeding structures and food resources where 
Amplirhagada Iredale, 1933 and Westraltrachia Iredale, 1933 become sympatric (Solem, 1985a). 
Rainfall data for Napier Downs station is incomplete, but in the 1979-1980 wet season, which had 
667 mm total, therewere 18 rain events producing 66 SAN, compared with 12 events and 78 SAN 
at Carlton Hill. The limestone ridges at Napier Downs thus had more rain events, but a lowered 
total activity time. The differences, although small, may be enough to explain the feeding 
specializations found in the Napier Ranges. In the Cape Range, where mean annual rainfall is 
only 272.3 mm and there are 24.8 SAN scattered over eleven months, rather than concentrated 
in a wet season (see above), all five camaenid species show different radular structures (Solem, 
1974: 152-155, figs 7a-f) that correlate with specialized food sources. They also show varied aestivation 
strategies and epiphragm structures, again contributing to minimizing competition during their 
brief times of activity. 


The restricted range Ningbing camaenid species all have generalized radula and jaw structures. 
They all aestivate the same way — lying loose on the soil or rubble surface with a sheet of calcified 
mucus secreted across the shell aperture. The non-restricted range camaenid Xanthomelon 
obliquirugosa (E. A. Smith, 1894) is an exception to the latter, in that it apparently aestivates by 
burrowing into the ground and tends to have a mucoid, rather than a calcified epiphragm. 


The restricted endemic Ningbing taxa show none of the above specializations. It is thus 
hypothesized that competition for food or aestivation site is not a factor in evolution of the Ningbing 
camaenids. The Mitchell Plateau Amplirhagada (see Solem, 1981a: 151, 275, 285, 292-293) have 
habitat specializations and aestivation differences, despite the more than doubled annual rainfall 
(Table 1). This serves to emphasize the complexity of speciation patterns in the Kimberley. 
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The pattern of generic distribution is simple. Ningbingia is restricted to the North Ningbing 
Range and a tiny southeast outlier (Maps 15-18). Less than 0.65 km separates the hill on which 
Ningbingia australis elongata lives and the first record of Turgenitubulus christenseni (Map 18). 
Turgenitubulus lives on isolated hills (Map 18) between the North and Central Ningbing Ranges, 
throughout most of the Central Ningbing Range, The Gorge, and The Pillars (Maps 19-22). In the 
southern part of the Central Ningbing Range (Maps 20, 22) there is an intrusion by Cristilabrum 
rectum and C. solitudum, separated from the main distribution of Cristilabrum by the range of 
Turgenitubulus pagodula and T. aslini in The Gorge and The Pillars (Map 22). The South Ningbing 
Range (Maps 23-24) and the Jeremiah Hill areas (Map 25) have most species of Cristilabrum. The 
only example of intergeneric sympatry involves Cristilabrum and the intrusion of Ordtrachia elegans 
into an eastern outlier of the Jeremiah Hills (WA-435, WA-987, Map 25). Nowhere are Ningbingia, 
Turgenitubulus, or Cristilabrum known to be microsympatric. 


The patterns of species transitions are diverse, corresponding in part with the nature of the 
rock masses involved. Ningbingia, restricted to the North Ningbing Range (Maps 16-17), has a nearly 
continuous rock habitat, that, viewed from a helicopter, looks habitable throughout its extent. The 
major break in the rock mass, Utting Gap, is not a barrier to any species. Both N. res and N. octava 
have been found live on both sides of Utting Gap, and one dead example of N. laurina has been 
taken on the south side of the gap at WA-662 (Maps 16-17). The area north of Utting Gap and 
the fragmentary hillocks at the north tip have most of the species. Microsympatry is quite extensive 
in the area above No. 8 Bore (Table 8, Maps 16-17), with two species, N. laurina and N. octava, 
having been found only with other species — /aurina with dentiens, octava and once with res; 
octava with either Jaurina or res. N. dentiens has less than 100 meters in which it occurs by itself 
(WA-981, Map 17), otherwise overlapping with N. bulla and N. laurina. Sympatry between N. octava 
and N. res starts well above Utting Gap, and reaches its southern side, but only N. res continues 
south. It is the only species present for perhaps a kilometer, and then is abruptly replaced by N. 
australis australis on the west face at WA-1023 and probably equally abruptly on the east face 
somewhere between WA-643 and WA-644 (Map 17). N. a. australis occupies the remainder of 
the North Ningbing Range and its outlying hills (Maps 17-18). An anatomically differentiated 
subspecies, N. a. elongata, lives on a small, isolated hill lying about 0.8 km southeast. At the north 
tip, N. bulla extends northwards on isolated limestone after its short overlap with N. dentiens. 


Turgenitubulus, which mostly inhabits areas broken up into small to medium sized hills (Maps 
18-22), shows much less sympatry (Table 8). Both T. pagodula and T. aslini occupy the mass of The 
Gorge, which, like the North Ningbing Range, shows near continuous vegetation viewed from 
a helicopter and thus is considered to be good snail habitat. Only T. aslini extends southeast into 
The Pillars (Maps 19, 21), and it also has been collected alone on northeast (WA-1028, Map 21) 
and west faces (WA-1004, Map 21) of The Gorge. More detailed collecting in The Gorge region 
is needed. T. depressus (Maps 19-20) occupies a very small area in sympatry with T. opiranus. The 
former has been found alone (WA-1044b) “under figs on top of saddle just north of peak", but 
otherwise always with examples of T. opiranus in the area of overlap. The latter extends both north 
and south of the overlap area (Map 19). 


The other Turgenitubulus species show abrupt transitions (Maps 18-20), either along a rock mass 
(christenseni-opiranus, possibly costus-tanmurranus) or on either side of a gap between rock masses 
(opiranus-foramenus, foramenus-costus, possibly costus-tanmurranus). The break between T. 
tanmurranus and Cristilabrum solitudum (Maps 20, 22) occurs on either side of a gap between 
rock masses. 


The northern outliers of Cristilabrum in the Central Ningbing Ranges (Maps 20, 22), C. solitudum 
and C. rectum, occupy different sets of limestone islands, based on still limited collecting. 


In the Jeremiah Hills and outliers (Map 25), Cristilabrum isolatum lives on northwest isolated 
limestone hills, C. spectaculum is generally distributed in the Jeremiah Hills and eastern outliers, 
with one sympatric record to the east, where it has been found with C. bilarnium and the one 
intrusion of Ordtrachia into the region. 


In the main masses of the SouthNingbing Ranges (Maps 23-24), C. simplex and C. buryillum 
only have been found together on several sets of hills. There is then a gap of uninhabitable plains 
to the range of C. monodon, found along a large mass, on a small outlying hill, and then on the 
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north tip of the main mass (WA-607, WA-1015). Cristilabrum probably new species is found on 
isolated hills to the west. On the main mass, there are abrupt “same mass” transitions from monodon 
to primum to grossum, which occur in a few meters. The two species will be found in rubble 
piles on opposite sides of a very small cliff or valley. The next transition, from C. grossum to C. 
bubulum, occurs across a plains gap of less than 75 meters. 


To summarize the above, species transitions in the North Ningbing Ranges normally involve 
a zone of sympatry (Table 8); in contrast, sympatric occurrences are rare in both Turgenitubulus 
and Cristilabrum (Table 8). The pattern of species whose boundaries do not include a zone of 
sympatry, can be divided into three categories, the last two of which are somewhat arbitrary in 
their separation: 1) abrupt shift along a continuous rock mass; 2) abrupt shift across a narrow gap 
of plains; and 3) species found on well isolated limestone masses. These are: 


Abrupt shift on same mass 
Ningbingia res-N. australis australis 
Turgenitubulus christenseni-T. opiranus 
?Turgenitubulus costus-T. tanmurranus 
Cristilabrum monodon-C. primum 
C. primum-C. grossum 


Shift across narrow gap 
Ningbingia a. elongata-Turgenitubulus christenseni 
T. opiranus-T. foramenus 
?T. costus-T. tanmurranus 
T. tanmurranus-Cristilabrum solitudum 
C. solitudum-C. rectum 
C. rectum-T. aslini 
C. simplex and C. buryillum-C. monodon 
C. grossum-C. bubulum 


Shift across wider gap 
Ningbingia a. australis-N. a. elongata 
Cristilabrum monodon-C. probably new species 
C. isolatum-C. spectaculum 


Of all the above species transitions, only one, that between Ningbingia res and N. australis, shows 
any indication of possible hybridization or introgression. The lip knob and body whorl sulcus that 
are characteristic of N. res (Solem, 1981b: 340, figs 78b, d) become greatly reduced to lost at WA- 
643, WA-1023a, and WA-1023b (Map 18), the stations just before collections of N. a. australis at 
WA-1023c and WA-644. Available genital anatomies do not show evidence of intergradation in 
these populations. More detailed discussion of this will be given elsewhere. 


The abruptness of the species transitions along continuous cliffs is surprising. In every situation 
that we have pinpointed, the transition is sudden and absolute. There are no situations in which 
there is a mosaic of alternating populations, only a complete change from one species to the next. 


Equally interesting, there is only one species, Ningbingia laurina, which appears to be actually 
rare and possibly with a constricting range. Only nine live examples were collected, compared 
with 109 dead examples (8.226), and these were found in the central portion of the species range, 
from WA-997 (ca 1.5 km northwest of No. 8 Bore) south to WA-434 (ca 075 km southwest of 
No. 8 Bore) (Map 17). No live laurina were found in the overlap areas with either dentiens or 
res, but live examples of both laurina and octava were taken microsympatrically. 


The species pairs that do have overlap zones (Table 8) agree in that the ranges of both species 
are continuous throughout the overlap area. At a few stations, collecting effort yielded less than 
five shells of only one species, thus creating an almost certainly artificial gap in the range. These 
situations have been ignored. The nature of the overlap zones varies. Turgenitubulus depressus 
is a short range species encompassed within a much larger range; Ningbingia laurina, N. octava, 
and N. res have individually large ranges that variously overlap; T. aslini shares an extensive range 
with T. pagodula, and then extends into a second major area; Cristilabrum simplex and C. buryillum 
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have ONLY been collected sympatrically; the northern Ningbingia show simple overlap; and the 
Jeremiah Hill taxa show two restricted range species, Cristilabrum bilarnium and Ordtrachia 
elegans, which are joined by a more widely distributed species, C. spectaculum. 


Most of the overlap zones are small, occupying less than 0.33 km?. Four pairs (Table 8) have 
an area of sympatry that is more than 1 km2. It is not sufficient merely to list these zones. The 
question as to whether they reflect a static situation, or might indicate dynamic change, can be 
addressed in a preliminary fashion. It must be emphasized that collecting time at individual stations 
varied greatly, hence the number of specimens collected is not indicative of actual abundance 
at different stations. While an attempt was made to take all adult examples exposed by rock moving 
at a particular station, there is a natural tendency to pick up a “rarer” species that probably biased 
the numbers at some stations. Despite the above, the numbers of specimens collected are the 
only evidence we have available. The numbers and proportions of the species that have been 
collected within the zones of sympatry are summarized in Tables 9-10, separated into live and 
dead adults. 


Interpretation of Table 9 requires the additional cautionary comment that Ningbingia laurina 
always is a rare species. Thus its minor representation in areas of sympatry with N. dentiens and 
N. octava may have no significance. In contrast, the proportions of N. bulla and N. dentiens may 
indicate that actual replacement of the former is occurring. Few of the dead N. bulla from WA- 
634 and WA-704 were “fresh”, but some of these may have been dead for only one or two years. 
It is not possible to use available specimens to predict that N. bulla is extinct in this zone, but 
that species may be greatly reduced in numbers. 


The remaining summary numbers (Table 9) suggest primarily that more field work is needed. 
The relative numbers of live compared with dead adults vary substantially within each pair — 
except for the Jeremiah Hills Cristilabrum bilarnium-C. spectaculum. The term substantially, rather 
then significantly, is used deliberately. Neither quadrats nor “collecting time” standards were used 
in the collecting, and it must be reemphasized that specimens are clustered, rather than randomly 
distributed. Hence | did not consider the summary numbers precisely comparable and thus suitable 
for statistical analysis. Nevertheless, they do suggest that differences occur and further field study 
is warranted. 


For the three species that have larger areas of sympatry and do not involve the rare species, 
Ningbingia laurina, the numbers for individual stations are presented in Table 10. 


Ningbingia res and N. octava are microsympatric along the east slope from WA-664, 1.1 km 
north of Utting Gap, to the southeast margin of Utting Gap (WA-662). They also have been collected 
together at the west entrance to Utting Gap (WA-996). The considerable differences in numbers 
and proportions of dead adults suggest that there may be actual differential abundance, but there 
is no linear geographic pattern to these changes. The numbers of live adults are small enough 
at most stations to prevent any meaningful statement. 


In the mass of The Gorge (Map 21), clearly there are shifts in relative abundance of T. pagodula 
and T. aslini. WA-1029 is on the northern margin of the mass; WA-646 and WA-648 are on the 
north side of Station Creek; WA-649-50 on the south side of Station Creek; and WA-1030 is at 
the tip of the southeast peninsula from The Gorge. Not only are there differences in proportions 
of species from station to station, but there is a difference from collecting visit to collecting visit. 
In 1980, L. Price and F. Aslin collected 23 live adult T. pagodula and 6 live adult T. aslini from WA- 
646, a small gully. This was the largest number of the former species collected that year. Thus, 
in 1984 we returned to this station (numbered WA-1039 in 1984) to collect material for 
electrophoretic studies, but obtained only one live and one dead adult T. pagodula — despite 
L. Price taking us into the identical small gully. The reasons for the differential abundance remain 
to be discovered. 


Finally, Cristilabrum simplex and C. buryillum have congruent ranges, but show a geographic 
change in relative abundance (Table 10). They occupy a line of hills running southeast and south- 
southeast of Ningbing Bore (Map 23). On the northernmost hill (WA-669, WA-1019), N. buryillum 
clearly is dominant in live adults, but the situation reverses for dead adults; on one sampled part 
of the central, very large hill (WA-235, WA-602), the same pattern exists, but slightly further south 
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(WA-671) the dominance of N. simplex includes both live and dead examples; on the small southern 
hill (WA-670), only a few dead N. buryillum were obtained, but many live and dead C. simplex. 
The stations all have the same eastern exposure. | have no explanation for the change in species 
numbers, but this is another situation requiring field investigations. 


In summary, while most species are allopatric, the varied patterns of sympatry that do exist 
provide opportunities for field investigations of possible species replacement phenomena and 
interactions. The existence of the overlap zones has been documented. The dynamics and 


significance of these zones need to be studied. 


IMPLICATIONS FOR CONSERVATION BIOLOGY 


The accelerating rate of extinction through massive destruction of habitats has created a crisis 
situation, especially in regard to the terrestrial tropics. The dual concepts of salvage collecting and 
creating reserves that will enable survival of at least some tropical diversity are driving the efforts 
of research biologists and conservationists. 


Most effort to date has been focused on the large, conspicuous organisms, plants and vertebrates, 
whose taxonomy and distributions are much better known than those of the invertebrates. A new 
discipline of “Conservation Biology” has emerged as a leader in these efforts (Soule, 1986). Its 
proponents are critically examining such factors as “Minimum Viable Population Size” and needed 
“Reserve Areas”. With the focus on vertebrates, a coarser grain approach to area needs is being 
taken. Terborgh and Winter (1983), for example, utilized a range of less than 50,000 km2as indicative 
of local endemism in bird faunas, pointing out that 440 South American species (about one-quarter) 
met this criteria, but only eight North American bird species were similarly restricted. Gentry (1986) 
also accepted defining “local endemic plants" as those with ranges of 50,000 km? or less, but also 
recorded several taxa with much smaller ranges. 


Land snails require a finer grained approach. The Ningbing Ranges-Jeremiah Hills radiation of 
28 camaenid land snails occurs within a total area of about 115 km?. The Ningbing Ranges and 
connecting plains occupy about 85 Кт, and the much smaller limestone masses of the Jeremiah 
Hills are scattered over some 30.5 km2. The individual species have a median range of 0.825 km? 
and a median linear range of 1.65 km. This entire radiation occupies about 0.23% of the 50,000 
km? that defines a "localized range" vertebrate or plant species. These snails do not, and will not, 
have the public recognition or appeal of a panda, a whooping crane, or perhaps even a lousewort. 
They can, however, serve to identify unique biological areas, worthy of conservation, and salvable 
at exceedingly modest costs compared with the needs of the better publicized taxa. 


The Ningbing Range story points out how spectacular evolutionary radiations can occur in 
minimal areas without significant sympatry among the taxa. Earlier work of Solem, Climo and Roscoe 
(1981) and Solem and Climo (1985) demonstrated that in mid-North Island, New Zealand, more 
than 70 species of land snails can be micro-sympatric and survive in very small patches of gully 
vegetation. 

It is hoped that such studies can be combined with work on the terrestrial arthropods to identify, 
publicize, and preserve at least a portion of such microcosms before they go the way of most 
Pacific Island organisms — extinction (Solem, In press — B). 


Small areas are not insignificant to conservation of evolutionary diversity — only not recognized 
and promoted as being worthy of attention. 


DISCUSSION AND CONCLUSIONS 


The above review has attempted to develop or summarize several aspects of the Ningbing 
Ranges-Jeremiah Hills land snail fauna. The discussion of moisture availability and its translation 
into snail activity nights (SAN) represents a new approach to land snail distribution and ecology 
that can be applied to many other areas of the world. While it will be modified in detail, the 
demonstration that desert and semi-arid area land snails must compress activity into very short 
periods and during only a fraction of the year, has fundamental implications in understanding 


their ecology. 
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The land snail fauna of the Ningbing Ranges and Jeremiah Hills is of mixed significance. Presently 
published data on land snail distribution within Australia is inadequate to make major area 
comparisons. The most recent summary (Bishop, 1981) lists previous contributions and then 
discusses general philosophical problems of systematics and biogeography as not even family 
presence or absence in many parts of Australia had been recorded. 


There are three parts to the Ningbing land snail fauna: 1) indigenous species which have extensive 
extralimital ranges (13 species); 2) restricted endemic species found throughout the Ningbing 
Ranges, whose few Australian relatives are far away (Georissa, Gyliotrachela ningbingia); and 3) 
short range endemic camaenids occupying basically allopatric ranges within short sections of the 
Ningbing Ranges or Jeremiah Hills (28 species). 


The more widely distributed taxa are dry country dwellers within the main ranges, plus a few 
wetter area taxa on the margins of Brolga Spring, the only permanent body of water. The rain 
forest areas in the Northern Territory from Melville Island south to the Roper River, and in the 
Kimberley from Yampi Sound northeast to the Drysdale River, share a number of land snail species 
that currently are absent from the Ningbing area. Presumably they would have been present in 
wetter eras. Whether the current main mass dry country snails are colonizers from the south, 
persistant long term residents, or a combination, is unknown, and probably unimportant. The wet 
area taxa from near Brolga Spring could be relicts, or, more probably, recent colonizers brought 
in accidentally by water fowl. They all have the “sticky mucus” characteristic of “bird hitching” 


snails. 


Enough collecting has been done in the Northern Territory by Vince Kessner in recent years, 
and in the Kimberley during the course of my own research, to indicate that the restriction of 
Georissa to Queensland-New South Wales and the Ningbing Ranges seems genuine, as is the 
Napier Range-Ningbing Range-Katherine northern Queensland range of Gyliotrachela. They are 
notable records biogeographically. 


While Ordtrachia elegans is a member of a genus of the East Kimberley that is found as far 
south as Nicholson, the other three genera, Ningbingia, Turgenitubulus, Cristilabrum, with 27 
known species are found only in this area. Ningbingia may be most closely related to Prymnbriareus 
from the Salmond-Pentecost-Chamberlain River area, while Turgenitubulus is descended from 
Cristilabrum. Both of the latter genera are very different from Ningbingia and may find their closest 
relative in Mesodontrachia from the Cockburn Range southwest of Wyndham and into the 
Northern Territory. 


The phyletic relationships of the genera will be discussed elsewhere. Here it is important. to 
note that the Ningbing genera are restricted endemics. Diversification has occurred in situ within 
the Ningbing Ranges and Jeremiah Hills, filling the available limestone exposures with short range 
taxa that show no indication of specialization in feeding or aestivation strategy, aspects of camaenid 
land snail life that show significant local specialization in other dry areas of central and Western 
Australia. 


The basic pattern of range size and transitions has been outlined, and introductory notes 
concerning the zones of sympatry presented to encourage additional field work. Most species 
show considerable shell variation among local populations. Discussion of these patterns, 
electrophoretic data, anatomical trends, and a hypothesis of speciation events will be developed 
subsequently. The data simply are too massive to include within this report, which is to be viewed 
as a summary of distributional facts, thus background to more theoretical discussions. 


LITERATURE CITED 


Bishop, M. J. 1981. The biogeography and evolution of Australian land snails. IN: Allen Keast’s 
Ecological Biogeography of Australia 2 (3): 923-954. W. Junk: The Hayue. 


Gentry, Alwyn H. 1986. Endemism in Tropical versus Temperate Plant Communities. IN: Michael 
E. Soule’s Conservation Biology. The Science of Scarcity and Diversity, pp. 153-181. Sunderland: 
Sinauer Associates. 


82 A. Solem 


Hedley, C. 1916. A Preliminary Index of the Mollusca of Western Australia. Jour. Roy. Soc. Western 
Aust. 1(1914-1915):1-77. 


Hnatiuk, R. J., and Kenneally, K. F. 1981. Part 1. A Survey of the Vegetation and Flora of Mitchell 
Plateau, Kimberley. IN: Biological Survey of Mitchell Plateau and Admiralty Gulf, Kimberley, 
Western Australia. Western Australian Museum Publication. pp. 13-94. 


Iredale, Tom. 1939. A Review of the Land Mollusca of Western Australia. Jour. Roy. Soc. Western 
Aust. 25:1-88, pls 1-5, map. 


Plumb, K. A. and Veevers, J. J. 1971. 1:250,000 Geological Series-Explanatory Notes. Cambridge 
Gulf, W. A. Sheet SD/52-14 International Index. pp. 1-30. Bureau of Mineral Resources, Geology 
and Geophysics. 


Solem, A. 1974. The Shell Makers: Introducing Mollusks. pp. 1-289, plts 1-12. New York: John Wiley. 


— 1979. Camaenid Land Snails from Western and central Australia (Mollusca: Pulmonata: 
Camaenidae). |. Taxa with Trans-Australian Distributions. Rec. Western Aust. Museum, Suppl. 
10:1-142, figs 1-35, pls 1-11, tables 10. 


— 1981a. Camaenid Land Snails from Western and central Australia (Mollusca: Pulmonata: 
Camaenidae). Il. Taxa from the Kimberley, Amplirhagada Iredale, 1933. Rec. Western Aust. Mus., 
Suppl. 11:147-320, figs 36-73, pls 12-14, tables 11-33. 


— 1981b. Camaenid Land Snails from Western and central Australia (Mollusca: Pulmonata: 
Camaenidae). Ill. Taxa from the Ningbing Ranges and Nearby Areas. Rec. Western Aust. Mus., 
Suppl. 11:321-425, figs 74-110, pls 15-18, tables 34-42. 


— 1981c. Small Land Snails from Northern Australia. 1. Species of Gyliotrachela Tomlin, 1930 
(Mollusca: Pulmonata: Vertiginidae). Jour. Malac. Soc. Australia 5 (1-2):87-100, figs 1-19. 


— 1982. Small Land Snails from Northern Australia. Il. Species of Westracystis Iredale, 1939 
(Mollusca: Pulmonata: Helicarionidae). Jour. Malac. Soc. Australia 5 (3-5):175-193, figs 1-19. 


— 1984. Camaenid Land Snails from Western and central Australia (Mollusca: Pulmonata: 
Camaenidae). IV. Taxa from the Kimberley, Westraltrachia Iredale, 1933 and Related Genera. 
Rec. Western Aust. Mus., Suppl. 17:427-705, figs 111-180, pls 19-63, tables 43-75. 


— 1985a. Simultaneous Character Convergence and Divergence in Western Australian Land Snails. 
Biol. Jour. Linnean Soc. London 24:143-163, figs 1-8, tables 1-3. 


— 1985b. Camaenid Land Snails from Western and central Australia (Mollusca: Pulmonata: 
Camaenidae). V. Remaining Kimberley Taxa and Addenda to the Kimberley. Rec. Western Aust. 
Mus., Suppl. 20:707-981, figs 181-256, pls 64-94, tables 76-94. 


— 1988. New Camaenid Land Snails from the Northeast Kimberley, Western Australia. Jour. Malac. 
Soc. Australia 9: 27-58, figs 1-34, tables 1-3, plts 1-3. 

— |n press — A. Non-camaenid Land Snails of the Kimberley and Northern Territory, Australia. 
1. Systematics, Affinities, and Ranges. Invert. Taxonomy 2 (3). 

— In press — B. Limitations of Equilibrium Theory in Relation to Land Snails. Accad. Lincei. Rome. 


Solem, A. and Christensen, C. C. 1984. Camaenid Land Snail Reproductive Cycle and Growth 
Patterns in Semi-Arid Areas of Northwestern Australia. Aust. Jour. Zool. 32 (4):471-491, figs 1- 
2, tables 1-5. 


Solem, A. and Climo, F. M. 1985. Structure and Habitat Correlations of Sympatric New Zealand 
Land Snail Species. Malacologia 26 (1-2):1-30, figs 1-9. 

Solem, A., Climo, F. M., and Roscoe, D. J. 1981. Sympatric Species Diversity of New Zealand Land 
Snails. New Zealand Jour. Zool. 8:453-485, figs 1-2, tables 1-6, appendices. 

Soulé, M. E. 1986. Conservation Biology. пе Science of Scarcity and Diversity. Sunderland: Sinauer 
Associates. pp. xii, 584. 


Terborgh, J. and Winter, B. 1983. A Method for Siting Parks and Reserves with Special Reference 
to Columbia and Ecuador. Conservation Biology 27: 45-58, figs 1-4. 


83 


skep 6LL 
skep #91; 


(+) ETL 
(Key /{-Чә4 Д) 
ady 6 


(Ke ZL-q94 £1) 
JeW GC 


(LLL-S) 69% 
(uef £50 1) 
AON 9C 


baq g-das /) 
POE 


(66) 29 


769 
(266-ZS€) 669 


09 


46r 
L6y 


Dv olll 
ФІ oBL 


49249 SJJeH 


Biogeography of land snails 


skep €0L 
skep £pl 


(99-9) ToL 


(Kew 01-993 ZL) 
JPW EZ 


(dv z-qe4 01) 
1PW E 


(8-2 581 
(020 д-ро 9) 
AON (C 


(aq ZL-das 9) 
AON L 


(69-62) 6€ 


999 
(008-68) €29 


Ze 


186 
685 


ХЕ oll 
0 c9L 
||ppessr] 


skep CEL 
skep 91 


(09+) 281. 


(KEW t2-q94 9L) 
Чуд 


(KEW 9L-qa4 Ш) 
JPW EZ 


(0€-8) &'9L 


(aq Z-das gz) 
AON 8 


(лом 0с-9ә5 91) 
PO Iz 
(06-55) 69 


L6L 
(840-909) cra 


3ONIISIX3 
NI LON 


PY ogl 
Lb oSL 
euinununy 


skep 9ZL 
skep COL 


(65-2) #61 


(Ae; gz- Ie |) 
ady Z 


Udy z-qə4 LL) 
PW 6L 


(8€-€) 0781. 
бәп vo 02) 
ЛОМ £L 
(AON 02-390 1) 
PO ft 
(€OL~29) «ZZ 


SL 
(89017165) 64 


3ONIISIX3 


NI LON 


ZY c8CL 
AE oSL 


tpieasay Aapaquily 


skep 6ZL skep 9LL 
skep 9L skep LSL 
(6€+) 29'SL (GZ) w'oL 
(Kew 9z-19A 9) (KEW g-w 9) 
udy pL udy c 
(kew Lz-q24 $2) (KEW zc- qoi e) 
PW Gc JeW 9c 
(10-2 88L (9€-8) 1851 
бәп §7-P0 6) 69d1E^oN 0) 
ZAON (C AON 0€ 
(AON 91-00 L) (бәп 1-ро 6) 
ZAON L AON S 
3ITIdWOONI 
ЗМУ SAYODJA 
(9-06) ut (9-Е) ıS 
OL ZEZ 
(LrtL-08€) 2208 (1-06) 19/4 
A 801 ДЕ 81. 
ZY осі. C oSL 
9oqueA| IIH uoj1e5 
uonejs Sursner) шеу 


suoneis рәјоәјәѕ “ѕшәдеа ujus| uoseas 3am pue [[ejures 


"РӘХ QL Ajuo — є ‘surah g Ájuo — z ‘sueak 7 Ajuo — | 


skep OpL 
skep SZL 


(9¢-4) 591 
(KEW gz- 1e pz) 
24у 81 


(KEW LEW SL) 
Чү 


(9-5) 6L 


(aq 6-das 0£) 
AON £L 


(AON oz-dəs 00) 
DOS 


(911-99) 98 


£A 
(991-822) SLL 


3HTdWOONI 
SQ30213 


9€ o%L 
9L оў 
nunquunjey 


алау: 


skep үс}, 
skep GgL 


(0/-©) 6L 


(KEW STEW Le) 
idy oz 


(Ae, LIEW 9L) 
Jew 0€ 


(SE+) 581. 
бәп вро 
AON G 


(eq r-des 81) 
род 


(8-99) 001 


9051. 
(HO6L-EEZL) SPSL 


46 


£981 
#651. 


AS oSZL 
AY obl 


neajed [PHN 


se] 0} XƏN O} рис 
210] 15]. 
:4)8ua] әЗеәлу 


dVO 40 ЗЭМУЯ $ NVIW 


30NV 9 NVIW 
Uie 3527 


ЗОМУЯ $F NVIW 
157 О} XƏN 


dVO ЗО JONVA % NVAW 


JONY 9 NVIW 
шеу puooos 


3ONV3 8 NVIW 
uey 151 
48u37 uoseas 19M 
JONVY 8 NVIW 
skeq uley Je. 
NVIG3W 
JONVY 9 NVIW 
шш и! [jure јепииу 
7961761 
JONVY % NVIW 
sÁeq шеу [eo 
NVIG3W 
30NV3'8 NVIW 
шш и! J[ejurey jenuuv 
9/6L-LS6L 


uone»o1 


84 A. Solem 


TABLE 2. Endemic land snails, except restricted range species 


Subclass Prosobranchia 
Order Diotocardia (-Archaeogastropoda) 
FAMILY HYDROCENIDAE 
*Georissa new species! 


Subclass Pulmonata 
Superorder Stylommatophora 
Order Orthurethra 
FAMILY PUPILLIDAE 
Pupisoma orcula (Benson, 1850) 
Pupisoma sp. 
Nesopupa mooreana (E. A. Smith, 1894) 
Gastrocopta new species! 
*Gyliotrachela ningbingia Solem, 1981 
Pupoides pacificus (Pfeiffer, 1846) 


Order Sigmurethra 
Suborder Holopodopes 
FAMILY SUBULINIDAE 
Eremopeas interioris (Tate, 1894) 
Suborder Aulacopoda 
FAMILY HELICODISCIDAE 
Stenopylis coarctata (Moellendorff, 1894) 
FAMILY CHAROPIDAE 
Discocharopa aperta (Moellendorff, 1888) 
FAMILY SUCCINEIDAE 
Austrosuccinea (7 Succinea) sp. 
FAMILY HELICARIONIDAE 
Coneuplecta (Sitalina) microconus (Mousson, 1865) 
Westracystis lissus (E. A. Smith, 1894) 
Suborder Holopoda 
FAMILY CAMAENIDAE 
Xanthomelon obliquirugosa (E. A. Smith, 1894) 
Torresitrachia weaberana Solem, 1979 


1 — These species are being described by Solem (In press — A) 
* — |ndicates species restricted to the Ningbing-Jeremiah area 


TABLE3. Composition of restricted range camaenid radiation 


Number of 
Genus species Range 
Ningbingia Solem, 1981 6 N Ningbing Range 
Turgenitubulus Solem, 1981 8 Central Ningbing Range, The Gorge, The Pillars 
Cristilabrum Solem, 1981 12 S tip Central Ningbing Range, S Ningbing 
Range, Jeremiah Hills, E outliers 
Ordtrachia Solem, 1984 12 E outliers of Jeremiah Hills, both sides of Lake 


Argyle S to Nicholson River 


1 — Plus one named subspecies 
2 — Plus four named and additional unnamed extralimital taxa 
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TABLE 4. Restricted range land snails 


Total Range: 
Linear range Habitable range Area of range 
Species in km inkm in km? 
FAMILY CAMAENIDAE 
Ningbingia 
bulla Solem, 1981 3.9 17 0.74 
dentiens Solem, 1985 1.0 1.0 0.38 
laurina Solem, 1981 5.0 5.0 3.95 
octava Solem, 1981 45 45 5.60 
res Solem, 1981 41 4.1 4.40 
australis australis Solem, 1981 1.0 1.0 1.05 
australis elongata Solem, 1988 0.1 0.1 0.01 
MEDIAN and RANGE 1.7 1.05 
(0.1-5.0) (0.01-5.60) 
Turgenitubulus 
christenseni Solem, 1981 29 1.0 0.65 
opiranus Solem, 1981 3.1 3.1 2.65 
depressus Solem, 1981 0.2 0.2 0.26 
foramenus Solem, 1981! 1.15 1.15 0.75 
costus Solem, 1981! 1.8 18 2.20 
tanmurranus Solem, 1985 2.0 2.0 1.13 
pagodula Solem, 19852 27 27 3.75 
aslini Solem, 19852 6.1 6.1 7.45 
MEDIAN and RANGE 1.9 1.66 
(0.2-6.1) (0.26-7.45) 
Cristilabrum 
solitudum Solem, 1981 2.9 2.9 1.70 
rectum Solem, 1988 1.2 1.2 0.29 
simplex Solem, 1981 27 27 1.02 
buryillum Solem, 1981 27 27 1.02 
monodon Solem, 1985 0.9 0.9 0.61 
new species 0.5 0.5 0.30 
primum Solem, 1981 1.2 1.2 0.90 
grossum Solem, 1981 0.5 0.5 0.31 
bubulum Solem, 1981 5.0 5.0 0.66 
bilarnium Solem, 1981 07 07 0.32 
isolatum Solem, 1985 53 0.6 0.15 
spectaculum Solem, 1985 8.3 1.6 1.20 
MEDIAN and RANGE 14 0.63 
(0.5-5.0) (0.15-1.70) 
Ordtrachia 
elegans Solem, 1988 0.7 0.7 . 032 


1 — An unsampled mass of 0.52 km? probably contains one of these two species 

2 — Much of their range is interrupted by short gaps; most of the exposed limestone consists 
of solid masses that would not provide any shelter sites; thus calculation of their “occupied 
range" is very difficult and more than arbitrary. 
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TABLE 5. Restricted range species, linear habitable ranges in km. 


N. australis elongata 0.1 T. costus 1.8 
T. depressus 0.2 T. tanmurranus 2.0 
C. rectum 0.5 T. pagodula 27 
C. grossum 0.5 C. simplex 27 
C. isolatum 0.6 C. buryillum D 7i 
O. elegans 07 C. solitudum 29 
C. bilarnium 0.7 T. opiranus 9 
C. monodon 0.9 N. res 41 
N. dentiens 1.0 N. octava 4.5 
N. australis australis 1.0 C. bubulum 5.0 
T. christenseni 1.0 N. laurina 5.0 
T. foramenus 1.15 T. aslini 6.1 
C. new species 1.2 
C. primum 1.2 MEDIAN RANGE = 1.65 km 
C. spectaculum 1.6 
N. bulla 17 

TABLE6. Restricted range species, linear vs habitable ranges in km 
Species Linear range Habitable range 
Ningbingia bulla 3.9 17 
Turgenitubulus christenseni 2.9 1.0 
Cristilabrum isolatum 5.3 0.6 
Cristilabrum spectaculum 8.3 1.6 


TABLE 7. Restricted range species, area of range in km? 


N. australis elongata 0.01 C. buryillum 1.02 
C. isolatum 0.15 N. a. australis 1.05 
T. depressus 0.26 T. tanmurranus 1.13 
C. rectum 0.29 C. spectaculum 1.20 
C. new species 0.30 C. solitudum 1.70 
C. grossum 0.31 T. costus 2.20 
C. bilarnium 0.32 T. opiranus 2.65 
O. elegans 0.32 T. pagodula 375 
N. dentiens 0.38 N. laurina 3.95 
C. monodon 0.61 N. res 4.40 
T. christenseni 0.65 N. octava 5.60 
C. bubulum 0.66 T. aslini 7.45 
T. bulla 074 

T. foramenus 075 MEDIAN RANGE AREA - 0.825 km? 

C. primum 0.90 

C. simplex 1.02 


TABLE 8. Patterns of sympatry in restricted range endemics 


Sympatric taxa Total range Sympatric % of total 
in km? area in km? range 
Ningbingia bulla 074 0.11 15% 
N. dentiens 0.38 0.11 29% 
N. dentiens 0.38 0.18 47% 


N. laurina 3.95 0.18 4.5% 
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N. laurina 
N. octava 


N. octava 
N. res 


Turgenitubulus depressus 
T. opiranus 


T. aslini 
T. pagodula 


Cristilabrum buryillum 
C. simplex 


C. bilarnium 
C. spectaculum 
Ordtrachia elegans 


TABLE 9. 


Species 


Ningbingia bulla 
N. dentiens 


N. dentiens 
N. laurina 


N. laurina 
N. octava 


N. octava 
N. res 


Turgenitubulus 
opiranus 
depressus 


pagodula 
aslini 


Cristilabrum 
simplex 
buryillum 
bilarnium 


spectaculum 
Ordtrachia elegans 


Total range 
in km? 


3.95 
5.60 


5.60 
4.40 


0.26 
2.65 


7.45 
375 


1.02 
1.02 


0.32 
1.20 
0.32 


Sympatric 
area in km? 


3.78 
3.78 


1.83 
1.83 


0.26 
0.26 


3.75 
3.75 


1.02 
1.02 


0 32 
0.32 
0.32 


Species proportions within zones of sympatry 


Stations 


704, 634 
704, 634 


700-701 
700-701 


606-7, 997, 636 
606-7, 997, 636 


662-4, 640-1, 996 
662-4, 640-1, 996 


227, 654, 1044 
227, 654, 1044 


646-650, 1029-30 
646-650, 1029-30 


235, 602, 669-71, 1019 


Same stations 


435, 987 
435, 987 
987 


Live adults 


0 
7 


82 
0 


3 
87 


36 
76 


47 
15 


43 
54 


56 
66 


18 
10 
6 


(100%) 
(100%) 


(3%) 
(97%) 


(32%) 
(68%) 


(76%) 
(24%) 


(44%) 
(56%) 


(46%) 
(549%) 
(53%) 
(29%) 
(189%) 


87 


% of total 
range 
96% 
68% 
33% 
42% 


100% 
10% 


50% 
100% 


100% 
100% 


100% 
27% 
100% 


Dead adults 


68 (17%) 


333 


208 
30 


46 
285 


443 
381 


514 
361 


200 
401 


640 
142 


203 
11 
33 


(83%) 
(87%) 
(13%) 
(1476) 
(86%) 
(567%) 
(44%) 


(59%) 
(41%) 
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TABLE 10. Species proportions at individual stations where sympatric zones are large 


Station 


WA-664 
WA-663 
WA-996 
WA-640 
WA-641 
WA-662 


TOTALS 


WA-1029 
WA-648 
WA-649 
WA-650 
WA-646 
WA-647 
WA-1030 


TOTALS 


WA-1019 
WA-669 
WA-602 
WA-235 
WA-671 
WA-670 


TOTALS 


Ningbingia 

octava res 
Live Dead Live Dead 
2 (67%) 109 (93%) 1 (33%) 8 (7%) 
15 (54%) 196 (87%) 13 (4696) 29 (13%) 
0 — 11 (1796) 14 (100%) 55 (83%) 
2 (25%) 34 (44%) 6 (75%) 43 (56%) 
16 (6495) 49 (75%) 9 (36%) 16 (2590) 
1 (3%) 44 (19%) 33 (97%) 230 (81%) 
36 (32%) 443 (54%) 76 (68%) 381 (46%) 

Turgenitubulus 

aslini pagodula 
21 (91%) 32 (97%) 2 (9%) 1 (3%) 
4 (40%) 76 (71%) 6 (6095) 31 (29%) 
7 (64%) 106 (100%) 4 (4690) 0 — 
8 (80%) 24 (62%) 2 (20%) 15 (38%) 
6 (21%) _ 110 (5490) 23 (7996) 92 (46%) 
0 — 33 (40%) 6 (100%) 49 (60%) 
8 (100%) 20 (61%) 0 — 13 (39%) 
54 (56%) 401 (67%) 43 (44%) 200 (33%) 

Cristilabrum 

simplex buryillum 
10 (3476) 18 (6276) 19 (6676) 11 (3876) 
6 (29%) 138 (83%) 15 (7196) 29 (17%) 
13 (33%) 256 (76%) 27 (67%) 80 (24%) 
1 (100%) 93 (93%) 0— 7 (7%) 
18 (78%) 29 (85%) 5 (22%) 5 (1595) 
8 (100%) 106 (91%) 0— 10 (9%) 
56 (46%) 640 (82%) 66 (54%) 142 (18%) 
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1. Location of the Ningbing Ranges and other mentioned localities in Western Australia. 
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14' 30" Gyliotrachela ningbingia + 38 records 14 30 
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15° 15° 

15° 15° 15° 15° 

15° 30° 15' 30" 

15' 45° 15° 45' 
16° 16° 
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2. Distribution records of the restricted endemic species Gyliotrachela ningbingia Solem, 1981. 
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128° 128° 15° 128° 30° 128° 45° 129° 129° 15° 


Отур 14° 30' 
14 30 Georissa + 58 records 
14° 45° 


14° 45° 


15 15 


15° 15' 15° 15° 

15° 30° 15' 30" 

15 45' 15° 45" 
16° 16° 
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3. Distribution records of the restricted endemic species Georissa new species. 
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128° 128° 15° 128° 30° 128° 45' 129° 129° 15' 


OÉ 14° 30° 
14 30 Westracystis lissus X 36 records 


44° 45° 14 45" 
15° 15° 

15 15° 15°15" 

45° 30° 15° 30° 

15° 45° 15° 45" 
16° 


16° 
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4. Distribution records of the wide ranging Kimberley species Westracystis lissus (E. A. Smith, 1894). 
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16° 
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5. Distribution records of the Indonesian-New Guinea-Solomon Islands-north Australian and Red 
Centre species Stenopylis coarctata (Moellendorff, 1894). 
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428° 128° 15' 128° 30° 128° 45° 429° 429° 45° 


14' 30' 


14' 30° Gastrocopta X 33 records 
Gastrocopta deserti O 1 record 


44° 45' 14° 45' 


15 


15 


15° 15' 


15° 15' 


15°30' 


15°30' 


15° 45' 


15° 45' 


46 16 
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6. Distribution records of the Kimberley-Northern Territory species Gastrocopta new species; 
and Red Centre species С. deserti Pilsbry, 1917. 
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7. Distribution records of the wide ranging North Kimberley species Xanthomelon obliquirugosa 
(E. A. Smith, 1894). 
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uite 14' 30" 
14 30 Eremopeas interioris + 16 records 
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15° 15° 
15' 15' 15 15' 
15' 30* 15°30" 
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16' 16 
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8. Distribution records of the wide ranging Kimberley and Red Centre species Eremopeas 
interioris (Tate, 1894). 
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9. Distribution records of the wide ranging north Australian to New South Wales species Pupoides 
pacificus (Pfeiffer, 1846). 
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ETSY Austrosuccinea + 4 records 
Pupisoma orcula 0 1 records 
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10. Distribution records of Austrosuccinea species; the Northern Territory and wet areas of the 
Kimberley species Pupisoma orcula (Benson, 1850) and Pupisoma species. 
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*30° 44° 30° 
4° 30 
: Coneuplecta microconus V 1 records 
Discocharopa aperta O 4 records 
Nesopupa mooreana 1 records 
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5 Те 
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11. Distribution records of the Malaya to Samoa species Coneuplecta microconus (Mousson, 1865); 
the Phillipine to Society Islands Discocharopa aperta (Moellendorff, 1888); and the Roebuck 
Bay to Gulf of Carpenteria species Nesopupa mooreana (E. A. Smith, 1894). 
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44°30° 14 30' 
Amplirhagada cambridgensis C 1 records 

Amplirhagada questroana 0 3 records 

Ordtrachia elegans E 4 records 

Prymnbriareus nimberlinus + 5 records 

Torresitrachia weaberana X 10 records 
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12. Distribution records of the endemic fringing taxa: Amplirhagada cambridgensis Solem, 1988; 
Amplirhagada questroana Solem, 1981; Ordtrachia elegans Solem, 1988; Prymnbriareus 
nimberlinus Solem, 1981; and Torresitrachia weaberana Solem, 1979. 
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id 0 

* ane Ningbingia \ 69 records 14 30 
14 30 Turgenitubulus + records 
Cristilabrum | 72 records 
Mesodontrachia M record 
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13. Distribution records of the restricted endemic taxa Ningbingia Solem, 1981; Turgenitubulus 
Solem, 1981; Cristilabrum Solem, 1981; and Mesodontrachia cockburnensis Solem, 1988. 
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14. Ningbing Ranges and Jeremiah Hills, outlining areas covered by detailed maps of limestone 
exposures. 
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15. Ningbing Ranges and Jeremiah Hills, showing allopatric ranges of the restricted endemic genera 
Ningbingia; Turgenitubulus; and Cristilabrum. 
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16. Distribution of Ningbingia species in the North Ningbing Range. The subspecies referred to 
is Ningbingia australis elongata Solem, 1988. 
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17. Species records of Ningbingia on the limestone masses іп the North Ningbing Range. The 
species abbreviations are: А — №. australis australis; AE — №. australis elongata; B — N. bulla; 
L — N. laurina; R — N. res; T — N. dentiens; V — N. octava without lip knob; VK — N. 
octava with lip knob present. An “!” indicates that live adult examples were collected. 
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18. Species records of Ningbingia and Turgenitubulus on the limestone masses in the transition 
zone between the North and Central Ningbing Ranges. The species abbreviations are: A — 
Ningbingia australis australis; AE — N. australis elongata; R — N. res; C — Turgenitubulus 
christenseni; IR — T. opiranus. An “!” indicates that live adult examples were collected. 


Biogeography of land snails 107 


428° 32' 128' 34' 128° 36' 128° 38' 128° 40° 128° 42° 


Ningbingia australis * 
Turgenitubulus christenseni C 
Turgenitubulus opiranus 0 
Turgenitubulus depressus / 
Turgenitubulus foramenus X 


— 
NOWOOAAUIMOM 


45° 02° Turgenitubulus costus T 45°02" 
Turgenitubulus tanmurrana V 
Turgenitubulus aslini | 4 
Turgenitubulus papodula = 
Cristilabrum solitudum M 
15°04" 15°04" 
15° 06" 15°06" 
15°08" 15°08" 
45°40" 15° 40° 
45° 412° 45°12" 
15°44" 15°14" 





128° 32' 428° 34* 128° 36' 128° 38' 128° 40° 428° 42' 


19. Distribution of Turgenitubulus species and Cristilabrum solitudum in the Central Ningbing 
Range, The Gorge, and The Pillars. Cristilabrum rectum, occurring just W of the range shown 
for C. solitudum is omitted here, but is shown on Maps 18 and 20. 
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20. Species records of Turgenitubulus and Cristilabrum on limestone masses of the Central 
Ningbing Range. The species abbreviations are: AS — Turgenitubulus aslini; CS — Т. costus; 
F — T. foramenus; IR — T. opiranus; MU — T. tanmurrana; PG — T. pagodula; RE — 
Cristilabrum rectum; S — C. solitudum. An “!” indicates that live adult examples were collected. 
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21. Species records of Turgenitubulus aslini (AS) апа Т. pagodula (PG) on limestone masses of 
The Gorge and The Pillars. 
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22. Distribution of Turgenitubulus and Cristilabrum species in the area from the south tip of the 
Central Ningbing Range, The Gorge, The Pillars, South Ningbing Range, and Jeremiah Hills. 
The single record for Cristilabrum bilarnium (*) in the SE corner of the map, also is the only 
known locality for Ordtrachia elegans (see Map 10). 
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23. Species records of Cristilabrum on limestone masses of the South Ningbing Range. The species 
abbreviations are: BB — Cristilabrum bubulum; BR — C. buryillum; G — C. grossum; M 
— C. monodon; N — C. probably new species; RI — C. primum; SI — C. simplex. An “1” 
indicates live adult examples were collected. 
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128' 37' 128° 38' 128° 39° 128° 40° 128° 41° 


15" 45* 15 15 

Cristilabrum simplex V 6 records 

Cristilabrum buryillum / 6 records 

Cristilabrum monodon M records 

Cristilabrum primum P 4 records 

Cristilabrum grossum G 7 records 

Cristilabrum bubulum B 10 records 

Cristilabrum new N 2 records 
15° 46° 15 16 
15 17° 15°17 
15' 18° 15 18' 





128° 37' 128' 38' 128° 39' 428° 40' 428° 44° 


24. Distribution of Cristilabrum species in the South Ningbing Range. 
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Biogeography of land snails 
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Phylogenetic systematics and zoogeography of Australian 
nudibranchs 


2. Description of a new species of Thecacera with comments on 
the genus and its contained species 


by 
R.C. Willan 


Department of Zoology 
University of Queensland 
St Lucia, Queensland 4067 


ABSTRACT 


Thecacera boyla n.sp is described from coastal northern Queensland. Its 
most striking character is the elaboration of the rhinophoral sheaths into 
long, mobile “tentacles” that serve as sensory appendages, apparently in lieu 
of velar papillae. The genus Thecacera is holophyletic and probably derived 
from Polycera - like polycerids. Because four (possibly five) of the six valid 
biological species are tropical, it is probable Thecacera is tropically centered. 
There appears to bea gradient of decreasing species diversity eastwards from 
southeastern Africa. 


INTRODUCTION 


Thecacera is one of the most distinctive genera in the Polyceridae because of its 
smooth and high body that lacks a pallial ridge, expanded anterior foot corners, 
truncated head without either velar processes or oral tentacles, pair of deep 
pre-rhinophoral pits, clavate and lamellate rhinophores that are non-retractile and 
surrounded laterally by large sheaths, three or five tripinnate gills that are non- 
retractile, pair of ceratiform post-branchial processes, integumentary spicules, 
large wing-like jaws, short and narrow radula with formula 2-6.2.0.2.2-6, 
projection at base of the shaft on lateral teeth, vas deferens with enlarged prostatic 
section, and armed penis. 


The genus is well known to me by way of Thecacera pennigera Montagu, the 
first nudibranch I studied (Willan, 1976). The distinctiveness of the new species 
described here plus its significance for the definition of the genus merit its 
description in this series of papers on Australian nudibranchs. Four specimens of 
this new species are known to me, but I was able to study only one of them (the 
holotype) alive. 
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FAMILY POLYCERIDAE ALDER & HANCOCK, 1845 
GENUS Thecacera FLEMING, 1928 
Thecacera boyla, new species (Figs 1-13) 


Description 

Thecacera boyla is a small, agile polycerid. When crawling in the fully extended 
state (Figs 1-5), the holotype measured 15 mm from head to tail. The body is 
elongate, high, rounded without any indication of a pallial ridge, and completely 
smooth. The body is highest and widest immediately in front of the gills where the 
pericardium is located. Minute, glassy, subepidermal spicules (Figs 14,15) are 
present all over the body; with the SEM they are seen to resemble the 
acanthostrongyle type of sponge megasclere. Dorsally, the foot is delimited from 
the mantle by an incised line. When T. boyla is crawling, its foot is narrower than 
the body except for the hind quarter which exceeds the tapering mantle in width. 
The posterior section of the mantle behind the gills has a distinct dorsal keel. When 
removed from a substrate, the foot margins come together in the ventral midline. 
The anterior corners of the foot are enlarged into dorso-ventrally flattened, 
triangular propodial tentacles and the mucous gland groove along the foot's 
anterior border is conspicuous. 7: boyla leaves behind it a clear mucous trail. The 
mouth lies on the undersurface of the blunt head. 


A deep pit with a semicircular orifice is present on top of the head immediately in 
front of each rhinophore. The anterior wall of this pit is overhung by an upward, 
and slightly outward, projecting lip. Internally, five, parallel, vertical ridges 
originate on the lip and descend down this wall into the pit. The orifice of the pit is 
dilated when the animal is at rest. The rhinophores have separate basal stalk and 
apical clavus sections (i.e., they are clavate). The clavus is erect and tilted slightly 
backward, and it possesses 16 oblique lamellae. Each rhinophore is guarded by a 
remarkable, incomplete sheath on the outer side (Fig. 2). The anterior margin of 
this sheath, which is low and broadly rounded, curves in front of the rhinophore. 
Medially the sheath is laterally compressed towards its base and its margin is 
steeply ascending. Posteriorly the sheath is drawn out into an enormous, tapering, 
pointed, flexible “tentacle” that is circular in cross section. When expanded the 
“tentacle” is approximately equal to half the body's length. The “tentacles” are 
extremely mobile, and during locomotion they are rapidly bent forward to touch 
the ground in front of the head and whipped upright again. These waving 
movements were very regular and it was possible to count an average of 20 per 
minute when the holotype was crawling actively. Usually both "tentacles" are 
waved at the same time, but each is capable of independent movement (as depicted 
in Fig. 5). When touched, these “tentacles” contract and come to lie alongside the 
body pointing backwards. However, they are rapidly returned to their upright 
position when the stimulus is removed. Because they are never *bristled" (i.e., held 
erect and/or waved provocatively) when the head or gills are touched, these 
"tentacles" apparently do not function as defensive organs like the nematocyst- 
loaded cerata of aeolid nudibranchs. These “tentacles” remain motionless when T. 
boylais resting, and during quiescence they arch backward so that their tips almost 
touch the extremities of the lateral gills. The holotype had lost the tip of its right 
"tentacle". Each rhinophoral sheath has a vertical groove extending up the middle 
of its inner face. The genital aperture is located immediately behind the right 
rhinophoral sheath, approximately midway down the side of the body. 


T. boyla has three, relatively small gills (Fig. 3). When fully expanded, the gills 
spread widely and radiate horizontally, the median one (which is shorter than the 
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Figures 1-4: Colour photographs of Thecacera boyla holotype, length 15 mm. 1, whole specimen 
from the left; 2, detail of left rhinophore and tentacle-like sheath; 3, detail of gills and post-branchial 
processes; 4, detail of body pigmentation. 
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Figures 5-9: Thecacera boyla holotype. 5, sketch of whole specimen from the right, based on a 
colour photograph of the living animal; 6, central nervous system (minus buccal ganglion) from the 
rear. Abbreviations: c-pl. = cerebropleural complex; p.c. = pedal commissure; p.e. = pedal ganglion; 
rh. = rhinophoral nerve; vi. = visceral ganglion; 7, single (6th) row of radular teeth; 8, entire jaws laid 
flat showing inner faces; 9, diagrammatic view of structure of unravelled reproductive organs. 
Abbreviations: alb. = albumen gland; amp. = ampulla; b.c. = bursa copulatrix; b.w. = cut body wall; 
d.v.d. = distal vas deferens; g.ap. = genital aperture; mu. = mucous gland; ov. = oviduct; p.sh. = penial 
sheath; pr. = prostate gland; p.v.d. = proximal vas deferens; r.s. = receptaculum seminis; v. = vagina. 
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lateral ones) pointing anteriorly and the lateral ones posterio-laterally. Each gill is 
tripinnate with the smooth, rounded rachis raised and prominent above and the 
pinnae suspended below. The extra-branchial processes are bulky, flattened and 
triangular with a broadly rounded apex. Their length is approximately equal to 
that of the lateral gills. Each process has a groove extending one-third of the way up 
the centre of its inner face. The apical section of the left extra-branchial process had 
been damaged or lost in the holotype. 


T. boyla appears slatey black and white mottled when viewed without 
magnification. However, its coloration and pattern are, in fact, most elaborate 
(Figs 1, 4). The translucent white body is marked with extensive, irregular black 
and creamish yellow non-overlapping patches that have imprecise boundaries. The 
black pigmentation is concentrated on the head, flanks, rhinophoral sheaths and 
extra-branchial processes. In addition, the body has superficial spots everywhere- 
larger, rounded, golden ones and tiny, intense black ones (Fig. 4). The genital 
aperture is ringed with gold. The foot sole is translucent white with grey-black 
speckling, and the propodial tentacles have some black spots but no black patches. 
The rhinophoral lamellae (Fig. 2) are decorated with cream patches, gold spots, 
and black streaks on their exposed faces. There is a black streak on the posterior 
face of the clavus. The anterior margin of the rhinophoral sheath is creamish white 
with a black margin. The proximal two-thirds (i.e., base plus “tentacle”) of the 
sheath is black with gold and cream spots, and black specks. The gills (Fig. 3) are 
transparent; their raches as well as those of the pinnae are pale grey with scattered 
gold spots. 


After fixation and preservation in 5% neutral formalin, the holotype’s body 
shrank to 8 mm long by 4.5 mm maximum height. The “tentacles” contracted to 
just twice the height of the rhinophores, and the post-branchial processes swelled so 
that the groove on their inner faces could not be discerned. The colours faded to 
creamish grey with faint yellow spots; the black and cream patches as well as the 
intense black specks were unrecognizable. Numerous white spherules, invisible in 
life, could be seen in the integument all over the body except on the gills. Long 
preserved specimens are transparent white with an aggregation of orange spherules 
(?glands) at the apex of both post-branchial processes. 


The central nervous system (Fig. 6) consists of a ring of ganglia concentrated 
around the oesophagus behind the muscular pharyngeal bulb. The ganglia of the 
cerebropleural complex are slightly larger, the cerebrals touching each other and 
delimited by a groove from the pleurals. There is a distinct swelling at the base of 
the rhinophorals, the largest of all the nerves emanating from the central nervous 
system. The eyes are sessile on the postero-dorsal face of the cerebrals. The pedal 
ganglia are separate and the commissure joining them is broader than the visceral 
commissure which it parallels ventrally. The visceral loop possesses, besides the 
visceral ganglion that almost touches the right pleural, two additional small 
swellings below the oesophagus. 


The oral tube is large and wide (approximately the same diameter as the 
pharyngeal bulb) with a longitudinally-folded inner wall. The pharyngeal bulb 
itself is almost spherical with a short radular sac at the rear. 


The radula (Figs 7, 10-13) is short and broad with a formula of 10 x 2.2.0.2.2. 
Both laterals (Figs 12,13) are relatively large, narrow, tall, and markedly recurved 
with a broadly rounded cusp. The shaft of both teeth possesses a projection on its 
outer margin; that arising from the larger outer lateral (Fig. 12) being substantially 
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stronger. Maximum vertical heights of the lateral teeth are 145um and 170um 
respectively. The inner marginal (Figs 10, 12) is a large, irregular plate lying flat 
against the basement membrane. It is broader anteriorly and it tapers to a thin, 
rounded extremity posteriorly. The outer marginal (Fig. 10) is very small, about 
1/3 the length of the inner marginal on whose antero-lateral corner it is situated, 
and merely an oval thickening on the basement membrane. Maximum vertical 
heights of the marginal teeth are 100um and 40um respectively. 


A pair of thick, cuticularized jaws (Fig. 8) lines the pharyngeal bulb. Each jaw 
has a curved, wing-like expansion arising from the centre of the tough masticatory 
border. The jaws are not quite symmetrical, the right having a more broadly 
rounded outer margin to its wing. Maximum length of the masticatory border is 
0.45 mm and total height is 0.6 mm, of which the wing alone accounts for 0.5 mm. 


A thin, transparent white tissue envelope surrounds the viscera. The large 
stomach is situated at the middle of the left postero-lateral face of the elongate, 
holohepatic digestive gland. The intestine runs forward along the left side of the 
digestive gland, across the anterior side, then backward along the right side until 
near the rear it shifts, as the short rectum, mid-dorsally to open at the anus. . 


A composite view of the reproductive system is shown in Figure 9. The ovotestis, 
which consists of a sheet of numerous closely compacted (but never more than one 
layer thick) creamish-white spherules, covers the digestive gland everywhere except 
on the left side where the stomach is located. The hermaphroditic duct is short, 
narrow and very thin walled. Its ampulla is kidney-shaped and creamish orange in 
colour. The hermaphrodite duct passes a short distance from the ampulla and then 
bifurcates. The narrower branch, the proximal vas deferens, passes rapidly into a 
large, white, spongy prostate gland that completely ensheaths the dorsal and 
anterior faces of the bursa copulatrix. This gland is flattened and so closely applied 
to the bursa that its removal intact was impossible. The prostatic section gradually 
narrows into a long distal vas deferens which maintains its diameter before 
expanding terminally as the penial sheath. The penis (Fig. 16) is an elongate rod 
covered with numerous, narrow, parallel-sided spines (Fig. 17) that are not aligned 
in rows. Maximum vertical height of a репа! spine is 20um. The wider branch 
leading from the post-ampullar hermaphroditic duct, the oviduct, was difficult to 
trace. Its walls are thin and no ridges could be discerned internally; towards its 
mid-length is a swelling (a putative fertilization chamber). Its duct to the 
nidamental glands is minute. Two glands can be distinguished within the 
nidamental gland mass; a large, transparent mucous gland and a smaller, compact, 
solid and convoluted, opaque white albumen gland. Two allosperm receptacles (= 
exogenous sperm sacs) arise from the distal vagina immediately prior to its 
connection with the oviduct. The bursa copulatrix is larger, thin-walled and 
spherical; it contained a solid, brownish mass indicative of post-copulatory gametic 
remnants. The receptaculum seminis is smaller (approximately one-quarter the 
diameter of the bursa), club shaped, and it too has thin walls. There was no 
indication of an accessory receptaculum seminis. 


Material 
The holotype (Figs 1-17) was found on the undersurface of a small boulder at 


extreme low water spring level on the rocky headland at the S.E. end of Rowes Bay, 
just N.W. of Townsville City, Cleveland Bay, northern Queensland, Australia, by 
Mr J. Brodie on 6 August 1988. Its dissected body is in The Australian Museum, 
Sydney, under the registration number С256696. 





Figures 10-13: SEM’s showing radular structure of Thecacera boyla holotype. 10, rows 3 (at 
bottom) 5, left half, tilted to show outer marginal tooth (arrowed) and outer faces of lateral teeth; 11, 
same 3 rows, seen in dorsal view; 12, isolated inner marginal tooth and outer lateral tooth from outer 
face, row 1, left half; 13, isolated inner lateral from inner face, row 10, left half. Bars (in Figs 10, 11 and 


12) = 0.1 mm and (in Fig. 13) = 10um. 
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Figures 14-17; SEM's showing integumentary and reproductive structures of Thecacera boyla 
holotype. 14, 15, isolated subepidermal spicules; 16, right profile of penis extended from penial 
sheath; 17, detail of penial spines. Bars (in Figs 14-16) = 0.1 mm and (in Fig. 17) = 10um. 
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Three additional specimens from the collection of The Australian Museum were 
also examined: | specimen (5 mm preserved length), The Strand, Townsville City, 
Cleveland Bay, northern Queensland, Australia, I. Loch, May 1975, registration 
number C100530; 2 specimens (9, 4.5 mm preserved length) (plus colour slide of 
larger animal alive), under rocks at low tide, The Strand, Townsville City, 
Cleveland Bay, northern Queensland, Australia, I. Loch, 3 June 1975, registration 
number C100018. 


Etymology 

The specific name boyla is an Australian Aboriginal word for sorcerer (Reed, 
1982). It is coined because of this nudibranch's coloration and behaviour of waving 
its enormous "tentacles" like a sorcerer's wand as it moves. 


Remarks 

The "tentacles" are the first feature of Thecacera boyla one notices; they dwarf 
the rhinophores. These distinctive, mobile structures distinguish this new species 
from all the other described species in the genus. None of the other species can 
move their rhinophoral sheaths. The sheaths take the form of semicircular flanges 
in T. pennigera (Montagu), T. pacifica Bergh, and T. darwini Pruvot-fol. They are 
triangular in T. picta Baba and the new species from South Africa figured by 
Gosliner (1987a, number 170); in that latter species there is also a papilla arising 
from the anterior angle. The recurved anterior margin and high pointed posterior 
corner of the sheath of T. boyla suggest greatest similarity with that of T. picta. In 
having a pattern of coloured spots, 7. boyla resembles T. pennigera and T. darwini. 
In T. pennigera, however, the spots are larger and orange or black (see: Brown & 
Picton, 1979, p.16; Willan & Coleman, 1984, number 24; Thompson & Brown, 
1984, plate 19d and 19e; Gosliner, 1987a, number 168). Unfortunately the 
coloration of Т. darwini is insufficiently described (Er. Marcus, 1959, p. 57) to 
enable any comparison with that of T. boyla. The extra-branchial processes of T. 
boyla are not conical and ceratiform as is typical of the genus; instead they are 
bulky, flattened and triangular. Т. boyla has a relatively shorter tail than T: 
pennigera. T. boyla has, as an adult, the smallest number of gills of any species; 7. 
pennigera, T. pacifica and T. darwini have 5, and T. picta has seven. The radular 
formula, tooth shape and wing-like form of the jaws are perfectly typical of the 
genus. The triaulic reproductive system is similar to that of Т. darwini (see Er. 
Marcus, 1959) and T. pennigera (see Willan, 1976); in all three species the ampulla 
is kidney-shaped, the bursa copulatrix is spherical, the prostate gland is enlarged 
and ensheaths the spherical bursa, the distal vas deferens is long and the penis is 
spinose. In T. darwini an accessory sperm sac is present as a distinct vesicle at the of 
the receptaculum seminis. In Т. pennigera the distal vas deferens is relatively 
shorter and the receptaculum seminis arises relatively further away from the bursal 
stalk. 


DISCUSSION OF THE GENUS Thecacera 


The discovery of the new species of Thecacera described herein prompted a 
review of the genus as a whole. The unique rhinophoral “tentacles” of T. boyla 
necessitate a slight broadening of the pre-existing generic definition (Willan, 1976, 
p. 351) to cover all types of sheath - i.e., from a semicircular flange to triangular to 
triangular with anterior papilla, to enlarged tentaculate - and recognition that in 
one species at least, sheaths of the enlarged “tentaculate” kind are highly mobile. As 
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reported above, my observations suggest this mobility is related to sensory input 
rather than defense. I suggest that these “tentacles” are analogous in function to the 
velar papillae of the sister genus Polycera. However, all the other characters of T. 
boylaare so typical of Thecacera we can conclude unequivocally that the genus isa 
natural (i.e., holophyletic) one. As I will expand on the genus’ autapomorphies in 
the following section it is unnecessary to list them here. 


Thecacera is a small genus. In the author's previous review (Willan, 1976), six 
species were listed: Т. capitata Alder & Hancock; T. darwini, T. pacifica; Т. 
pennigera; T. picta; T. virescens Alder & Hancock. Subsequent re-examination of 
the type material of Т. capitata has shown that species to bea synonym of Polycera 
quadrilineata (Müller) (Turk, 1981, p. 296; Thompson & Brown, 1984, p. 71; 
Thompson, 1988). Furthermore, Thompson (1988) states that T. virescens is 
"probably" a synonym of Polycera nothus (Johnston) T. boyla plus the 
undescribed South African species (Gosliner, 1987a, number 170) bring the total 
back up to six. 


PHYLOGENETICS 


The phylogenetics of the family Polyceridae (which I regard as distinct from the 
Triophidae) will make a fascinating future study, particularly in an Hennigian 
context. Thecacera possesses a suite of apomorphies; they are: absence of oral 
tentacles; propodial tentacles; pre-rhinophoral pits; rhinophoral sheaths (reaching 
their zenith in 7. boyla); reduction of gill number; extra-branchial processes; 
integumentary spicules; wing-like jaw form; absence of rachidian row of radular 
teeth; vas deferens with enlarged central prostatic section that ensheaths bursa 
copulatrix; armed penis. The last three of these characters are synapomorphous 
with Polycera and both genera have identical radular architecture. These 
observations support the accepted view that Thecacera is closer to Polycera than 
any other polycerid genus (i.e., Polycerella, Issena, Nembrotha, Roboastra or 
Tambja). However, Thecacera shares synapomorphies with at least two of these 
genera. Burn (1978) described pre-rhinophoral pits in a species of Tambja. Post- 
branchial processes, or their precursor/ derivative tubercles, are always present in 
Polycerella and most species of Polycera. Perhaps these two character states are, in 
reality, autapomorphies for the Polyceridae like the projection on the shaft of the 
lateral radular teeth? Although I am wary of using food ina phylogenetic context, I 
note Thecacera and Polycera do share the same bryozoan diet - even the same 
genus of bryozoan (Bugula) - with Tambja and some species of Roboastra. In 
overview, it would appear that Thecacera was derived from a Polycera-like 
polycerid and it has subsequently elaborated the anterior foot margins into 
propodial tentacles, anterior notal brim into rhinophoral sheaths, and developed 
body spicules. 


ZOOGEOGRAPHY 


Because all the specimens of Thecacera boyla have been taken from the 
immediate vicinity of Townsville in northern Queensland, they are insufficient to 
tell us anything of the species’ range. However this species’ occurrence provides one 
more piece in the biogeographical jigsaw puzzle that is this genus’ distribution. 
Having established that Thecacera is holophyletic, the exercise of solving that 
particular puzzle becomes worthwhile. 7. boyla is the fourth species with a 
primarily tropical distribution, the others being 7: picta, T. pacifica and the new 
South African species (Gosliner, 1987a, number 170). Because T. pennigera has 
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also been recorded from tropical locations like Pakistan (Eliot, 1905), the Red Sea 
(Eliot, 1908), Ghana (Edmunds, 1977) and Mauritania in northwestern Africa 
(Dekker, 1986), it might actually have originated in the tropics. І do not wish to 
imply I presently hold this view, just that it is a possibility. But if it is true, then 83% 
of species of Thecacera will be tropical and the conclusion inescapable that 
Thecacera is tropically centered. 


Thecacera pennigera is biogeographically the most problematic species in the 
genus. Presently it has an almost cosmopolitan range (summarized by Willan, 
1976). Since my summary, Edmunds (1977) reported a population in Ghana, and 
other recent papers have reinforced the known range (Burn, 1978; Dekker, 1986; 
Gosliner, 1987a,b). Taken together, these new records confirm this species has not 
only a wide thermal tolerance but is also capable of reproducing in temperate 
waters. I hypothesized that this present day distribution of Т. pennigera was not 
natural but the result of distribution by shipping as part of the fouling community 
on boats’ hulls (Willan, 1976). Gosliner (1987b) queried this shipping hypothesis in 
the case of South Africa where he found specimens on the open coast several 
hundred kilometres from the nearest harbour. He suggested that some factor other 
than accidental human transportation was responsible for the occurrences he 
observed. This other factor might be larval transport, but it might be that (tropical) 
southeastern Africa was indeed the original home of Т. pennigera. It is unlikely that 
this species’ original range will ever be known with certainty (Willan, 1976). 


Setting 7. pennigera aside, there are apparently two wide-ranging and three 
relatively short-ranging species of Thecacera. T. pacifica occurs in the Red Sea as 
well as throughout the tropical Indian Ocean east to the Arafura Sea, but despite its 
specific name it is unknown from the Pacific Ocean. Specimens of Т. picta collected 
at Malakal channel, Palau Islands, by Mr C. Carlson in July 1969 and at Cartier 
Island, west of Ashmore Reef, Timor Sea, by Dr F.E. Wells in September 1986 
(one at each locality) indicate that species is probably widespread in tropical waters 
between Australia and Japan. Т. darwini is known from southern Chile (Pruvot- 
Fol, 1950; Er. Marcus, 1959). The new South African species is known from 
Sodwana Bay to Umgazana (Gosliner, 1987a). T. boylais presently localized from 
coastal northern Queensland. Although it is difficult to deduce any 
zoogeographical pattern for the genus, there appears to be greatest species diversity 
in tropical southeastern African waters and progressive impoverishment eastwards 
from there. 
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ABSTRACT 


Based on a comparison of type material Teramachia dalli claydoni Poppe, 
1986 and T. dupreyae Emerson, 1985 are synonymized with 7. dalli 
(Bartsch, 1942) and Т. johnsoni (Bartsch, 1942) respectively. Additional 
data on the occurrence of both species on the continental slope off the North 
West Shelf of Western Australia, based on specimens in the Western 
Australian Museum, is provided. Data presented include information on the 
shells, radulae, operculae, and geographic and vertical distribution. 


INTRODUCTION 


Until recently there has been little published information about the molluscs 
inhabiting the continental shelfs and slopes off the northern coast of Australia; no 
information was available from the northwest of the continent. In the early 1980's 
the Commonwealth Scientific and Industrial Research Organisation (CSIRO) 
conducted extensive surveys on the North West Shelf and slope to search for 
commercial fish stocks using the research vessel ‘Soela’. Marine biologists from 
the Western Australian Museum participated in several of the ‘Soela’ cruises and 
collected a large number of benthic marine invertebrates, including molluscs. The 
CSIRO work detected commercial quantities of scampi and several commercial 
trawlers were licensed to fish on the shelf. Large numbers of shells were collected 
by the trawlers and are now being sold by shell dealers on a worldwide basis. 


There have been scattered references to the previously unknown molluscs of the 
North West Shelf in the scientific literature, but there has as yet been no 
comprehensive listing. The first report was that of Kosuge (1985), who reported 
on the presence of 21 species in the North West Shelf fauna. The species reported 
by Kosuge and others in the Western Australian Museum demonstrate that the 
fauna has a close affinity with the deep water fauna long known to exist in the area 
between the Philippines and southern Japan. This suggests that when deep water 
sampling is conducted in the intermediate areas such as Indonesia the fauna will 
be found to be continuous. Just how closely the northwestern Australian and 
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Philippines-Japan faunas are related is not yet clear. In general differences can be 
found between shells from the Philippines-Japan and northwestern Australia, but 
whether the differences are sufficient to warrant the description of new species 
probably varies between species and in individual cases varies with the taxonomic 
judgment of the malacologist examining the shells. The initial report of Kosuge 
(1985) and the first ofa series of papers on turrids (Kosuge, 1986) did not include 
new species. Similarly I (Wells, 1985) reported the presence of Thatcheria 
mirabilis Angas, 1877 from the North West Shelf. On the other hand, three new 
species and subspecies have been named from the North West Shelf: Typhis wellsi 
by Houart, 1985; Teramachia dalli claydoni by Poppe (1986) and Teramachia 
dupreyae by Emerson (1985). 


This paper has two purposes: to demonstrate that T. dalli claydoni and T. 
dupreyae are synonyms of Т. dalli (Bartsch, 1942) and Т. johnsoni (Bartsch, 1942) 
respectively, and to provide additional information on the northwestern 
Australian populations. 


Teramachia dalli (Bartsch, 1942) 
Prodallia dalli Bartsch, 1942. The Nautilus 56: 9-13, pl. 2. 


Teramachia dalli (Bartsch, 1942) Kosuge, 1985. Bulletin of the Institute of 
Malacology of Tokyo 2: 59, pl. 23, f. 6. 


Teramachia dalli claydoni Poppe, 1986. APEX (Informations scientifiques de la 
Societe Belge de Malacologie) 1: 29-31, pl. 2, f. 11, 13, 14. 


Material examined: 
Philippines-Japan: 


Holotype: 
Teramachia dalli (Bartsch, 1942). From 393 fathoms (719 m) off Cape 
Santiago, Luzon 1., Philippines. Smithsonian Institution (USNM) 231758. 


Northwestern Australia: 


Holotype: 
Teramachia dalli claydoni Poppe, 1986. About 280 km north north-east of Port 
Hedland, Western Australia. Western Australian Museum (WAM ) 189-86. 


Other material (shells only): 

WAM 3200-83 (3 specimens) 400 to 401 m, 18905'S; 1189 10'E. WAM 3201-83 
(2) 440 to 442 m, 18905'S; 118°08’E. WAM 3202-83 (1) 404 to 406 m, 18°44’S; 
117908'E. WAM 797-84 (5) 352 m, 15935'S; 121909'E. WAM 825-84 (1) 500 to 504 
m, 15908'S; 121903'E. WAM 826-84 (1) 389 to 390 m, 17959'S; 118°23’E. WAM 
827-84 (1) 296 to 308 m, 15909'S; 121921’E. WAM 829-84 (2) 448 to 450 m, 
15909'S; 121905'E. WAM 832-84 (1) 401 to 410 m, 15°12’S; 121905'E. WAM 
833-84 (3) 396 to 400 m, 18°04’S; 118014'Е. WAM 835-84 (1) 500 to 504 m, 15 
940'S; 120037'Е. WAM 1122-84 (1) 400 m, 18903'S; 118916'E. WAM 1650-84 (1) 
348-350 m, 14?21'S; 122°02’E. WAM 1845-84 (1) 440 m, 16954'S; 119952’E. WAM 
120-87 (3) 356 m, 14950'S; 121931’E. WAM 121-87 (1) 500 to 504 m, 15°09’S; 
121903'E. WAM 122-87 (2) 530 to 560 m, 17959'S; 11801 l'E. WAM 123-87 (1) 500 
to 506 m, 14939'S; 121928'E. 
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Other material (alcohol preserved with animal intact): 

WAM 3204-83 (1) 658 to 660 m, 18932’S; 116949'E. WAM 3205-83 (1) 465 to 
466 m, 18909'S; 118%03'Е. WAM 3206-83 (1) 381 to 383 m, 18944'S; 117998'E. 
WAM 3234-83 (1) 375 m, 18906'E; 118912’E. WAM 858-84 (1) 496 to 504 m, 
12048'S; 122056'Е. WAM 859-84 (1) 500 to 506 т, 14939'S; 121928'E. WAM 
861-84 (2) 530 to 560 m, 17959'S; 118011'Е. WAM 863-84 (1) 500 to 504 m, 
15°08’S; 121903’E. WAM 864-84 (8) 484 to 494 m, 13017'5; 122037'E. WAM 
1071-84 (2) 494 to 496 m, 13944'S; 122013'Е. 

Range off northwestern Australia: 

The present WAM material indicates that the species is distributed along the 
continental slope off the North West Shelf from 12°48’S; 122957'E to 18053'S; 
116°10’E, a distance of 900 km (Fig. 1) in depths of from 296 to 660 m. 
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FIGURE 1: Geographical distribution of Teramachia dalli off northwestern Australia. 


Shell: 
Shell large, elongate, turreted, up to 174 mm long with a high spire (Figs. 2-7). 


Protoconch broken off in all specimens, up to 13 slightly convex whorls 
remaining. Numerous, pronounced axial ribs extend from suture to suture. 
Posteriorly axial ribs have formed small nodules. Ribs less pronounced on upper 
two whorls of adults, or even three whorls in large shells, where they do not extend 
completely to lower suture. 36 to 40 ribs on last whorl in which they are complete. 
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Growth striae present on all whorls as are fine spiral striae. Sutures deep, 
channeled. Aperture flared in adult shells, columella smooth, without plaits. 
Distinct siphonal canal present at anterior end. Shell covered with thin 
periostracum, shell brown or black, lighter on anterior half of body whorl, ribs 
near suture and suture itself lighter. Aperture and columella purple. 


Shell measurements: 

Forty-four specimens of T. dalli from off northwestern Australia were 
measured (Fig. 8), ranging in length from 47 to 174 mm. The mean size of these 
shells was 119 + 32 mm. All of these shells were decolate. Thirteen adult shells 
with a fully inflated lip were measured in detail (Table 1). These specimens ranged 
from 102 to 152 mm long, with a mean of 134+ 15 mm, and were 30 to 52 mm wide 
(mean 39 + 6 mm). The width/ length ratio varied from 0.25 to 0.33 (mean 0.29 + 
0.02). Measurements of the holotypes of both T. dalli and T. dalli claydoni fit 
within the range demonstrated by the northwestern Australian material. 


Radula: 

The radula of WAM 858-84, an animal with a shell 161 mm long, was prepared 
and photographed using standard scanning electron microscope techniques (Figs 
9 and 10). The most striking feature of the radula is its small size, 3.6 mm long and 
250 um wide, for such a large animal. The radula consists of a ribbon of 57 
rachidian teeth. Each tooth is tricuspid, about 220 um broad at the base and 280 
um high. The tooth has convex sides, increasing to 250 um across just below the 
base of the cusps. The central cusp is about 100 um longer than the lateral cusps. 
Each cusp is pointed at its tip, but the tips of a number of cusps were broken off. 
There is a faint indentation near the bottom of each cusp. 


Operculum: 

The operculum of WAM-84 is horny, brown, and measures 29 mm long by 16 
mm wide (Fig. 11). Itis nearly straight along the columellar side but convex on the 
outer edge. A series of numerous growth striae is clearly visible on the operculum 
surface. The operculum is thin and fragile. 


Animal: 

Several animals preserved in alcohol are available for detailed dissection. 
Because of the scarcity of the material it was considered preferable not to do 
rough dissections for this paper. However the shell of WAM 858-84 was broken to 
remove the radula and the lower portion of the body is visible. The animal is a 
uniform light brown in preservative. The foot is large, broad at the front and 
rectangular in shape. The tentacles are at the anterior margin of the head and are 
blade shaped. Eyes are not visible. The siphon is short. 


Remarks: 

Poppe (1986) distinguished T. dalli claydoni from T. dalli on the basis of a more 
elongated spire, slenderer shape, and more numerous whorls, but all of these 
features are variable within the northwestern Australian population, and the 
range of variation encompasses the holotype of Т. dalli. Poppe (1986) also found 
that the whorls of T. dalli claydoni are less convex, particularly the upper whorls. 1 
agree with this on the basis of a comparison of the holotypes, but the differences 
are not consistent in the Australian population and therefore they are not a basis 
for specific or subspecific distinction. As there do not appear to be any other 
distinguishing characters from the holotype of 7. dalli, the northwestern 
Australian population must be considered to be conspecific with T. dalli and not 
separable at a subspecific level. 
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FIGURES 2, 3: Holotype of Teramachia dalli (Bartsch, 1942). USNM 231758. 
FIGURES 4, 5: Holotype of Teramachia dalli claydoni from off northwestern Australia. 
FIGURES 6,7: Specimen of Teramachia dalli from off northwestern Australia. 
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FIGURE 8: Size frequency histogram and T. dalli collected off northwestern Australia. 


FIGURES 9, 10: Radula of Teramachia dalli from off northwestern Australia (WAM 858-84). 
Scale bar is 100 um long. 


FIGURE 11: Operculum of Teramachia dalli from off northwestern Australia (WAM 858-84). 
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Teramachia johnsoni (Bartsch, 1942) 
Prodallia johnsoni Bartsch, 1942. The Nautilus 56: 12, pl. 2, f. 3. 


Teramachia johnsoni (Bartsch, 1942). Kosuge, 1985. Bulletin of the Institute of 
Malacology of Tokyo 2: 59, pl. 23, f. 1. 


Teramachia johnsoni williamsorum Rehder,-1972. The Veliger 15: 8-9, f. 1,2,4. 
Teramachia dupreyae Emerson, 1985. The Nautilus 99: 104-106, f. 1-8. 


Material examined: 
Philippines-Japan 


Holotype: 
Teramachia johnsoni (Bartsch, 1942). 340 fathoms (622 m) off Cagayan l., Sulu 
Sea, Philippines. USNM 238419. 


Northwestern Australia: 
Paratype D: 


Teramachia dupreyae Emerson, 1985. 450 m depth, 200 miles northwest of 
Broome, between Rowley Shoals and Scotts (sic) Reef. WAM 190-86. 
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FIGURE 12: Geographical distribution of Teramachia johnsoni off northwestern Australia. 
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Other material: 

WAM 798-84 (1 specimen) 450 to 452 m, 16957'S; 119948’E. WAM 823-84 (1) 
430 to 432 m, 16°58’S; 119955’E. WAM 830-84 (1) 296 to 298 m, 15957'S; 120°46’E. 
WAM 831-84 (1) 390 to 394 m, 13933’S; 122054'Е. WAM 1122-84 (1) 400 m, 
18903'S; 118916'E. WAM 1650-84 (1) 348 to 350 m, 14921’S; 122002'Е. WAM 
1843-84 (4) 494 to 496 m, 13°44’S; 122913'E. WAM 1845-84 (1) 440 m, 16954'S; 
119°52’E. WAM 1866-84 (3) 436 to 448 m, 16055'5; 119952'E. WAM 1889-84 (1) 
450 to 452 m, 16957'S; 119948'E. WAM 1908-84 (7) 432 to 434 m, 16954'S; 
119952'E. WAM 124-87 (4) 432 т, 16°57’S; 119952'E. WAM 125-87 (1) 440 to 444 
m, 13927'S; 122904'E. WAM 126-87 (1) 396 to 400 т, 15948'S; 120°41’E. WAM 
127-87 (1) 306 to 308 m, 13°51’S; 123%01'Е. WAM 128-87 (1) 416 to 418 m, 
18926'S; 117934’E. WAM 129-87 (2) 450 to 452 m, 13950'S; 122018'Е. WAM 
130-87 (2) 430 to 436 m, 16°52’S; 119951’E. 


Other material (alcohol preserved with animals intact): 

WAM 3207-83 (1) 375 m, 18°06’S; 118°12’E. WAM 3208-83 (1) 380 m, 18°06’S; 
118912'E. WAM 857-84 (2) 389 to 390 m, 17959’S; 118023'Е. WAM 860-84 (1) 390 
to 394 m, 13933'S; 122954’E. WAM 862-84 (1) 500 to 504 m, 15940'S; 120?37'E. 
WAM 1072-84 (2) 494 to 496 m, 13944'S; 122913'E. WAM 1121-84 348 to 350 m, 
14?2]'S; 122902'E. WAM 1885-84 (1) 432 m, 16957'S; 119952'E. 

Range off northwestern Australia: 

The present WAM material shows that the species is distributed along the 
continental slope off the North West Shelf from 13933'S; 122054'E to 18906'S; 
118°12°E, a distance of 750 km (Fig. 18) in depths of from 296 to 504 m. The 
geographical and vertical distributions of T. johnsoni closely parallel those of T. 
dalli. 


Shell: 

Shell large, elongate, up to 220 mm long, spire high (Figs 13-18). Protoconch 
absent in all specimens examined, up to 13 whorls remaining. Numerous fine axial 
ribs on upper whorls disappear by third to last whorl of adults, or fourth to last in 
large shells. Surface of lower whorls smooth except for growth striae. Sutures 
distinct but not channeled, and axial ribs do not have nodules posteriorly. Whorls 
convex. Aperture flared in adults, columella smooth, lacking plaits. Periostracum 
thin, light brown underlying color white, aperture and columella porcellaneous 
white. 


Measurements: 

Forty-eight specimens of T. johnsoni from off northwestern Australia were 
measured (Fig. 19), ranging in length from 84 to 220 mm (mean 141 + 34 mm). As . 
with T. dalli the shells of T. johnsoni were all decolate. Nine adult shells with a 
fully inflated aperture measured in detail ranged from 148 to 212 mm in length 
with a mean of 175 +22 mm (Table 1). Widths ranged from 38 to 53 mm (mean 44 
+5 mm). The width/length ratio varied from 0.23 to 0.27 (mean 0.25 + 0.01). The 
holotype of Т. johnsoni is a juvenile shell only 96 mm long, so the measurements 
are outside the ranges shown in Table 1. However apart from being 7 mm shorter 
and | mm narrower than the smallest adult from off northwestern Australia the 
holotype is similarto the northwestern Australian material. An adult Philippines 
specimen measured by Rehder (1972) falls within the variation of the 
northwestern Australian material. 

Radula: 

The radula of WAM 860-84, an animal with a shell 140 mm long, is 3.2 mm 

long and 280 um wide, consisting of a ribbon of 50 rachidian teeth (Figs 20 and 
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FIGURES 13, 14: Holotype of Teramachia johnsoni (Bartsch, 1942). USNM 238419. 
FIGURES 15, 16: Paratype D of Teramachia dupreyae Emerson, 1985. WAM 190-86. 
FIGURES 17, 18: Specimen of Teramachia johnsoni from off northwestern Australia. 
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FIGURE 19: Size frequency histogram of Teramachia johnsoni collected off northwestern 
Australia. 


FIGURES 20, 21: Кайаша of Teramachia johnsoni from off northwestern Australia (WAM 
860-84). Scale bar is 100 um long. 


FIGURE22: Operculum of Teramachia johnsoni from off northwestern Australia (WAM 860-84). 
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21). The teeth are tricuspid, in shape closely resembling those of T: dalli. The main 
difference is that the indentations at the base of each cusp are more pronounced, 
particularly on the central cups. The teeth of T. johnsoni are 220 um wide at the 
base and 200 шт high. 


Operculum: | 

The operculum of WAM 860-84 is brown, horny, and fragile (Fig. 22). It is 24 
mm long and 13 mm wide and of the same shape as that of 7. dalli. Numerous 
growth striae are clearly visible on the surface. 


Animal: 

Because of the scarcity of material no animals were dissected, but the lower 
portion of the animal of WAM 860-84 is visible. It is a uniform light brown with a 
large foot, indented at the front and T-shaped. The foot is twisted and the shape 
may be a preservation artefact. The tentacles are anterior and blade shaped and 
the eyes are not visible. The siphon is short. 


Remarks: 

Emerson (1985) distinguished T. dupreyae from T. johnsoni solely on the basis 
of color, the most characteristic feature being a darkly colored suture. Similarly 
WAM specimens of T. dalli from northwestern Australia have differences in color 
from the holotype of T. dalli, a live collected shell. In my opinion color alone is not 





Table 1. Morphometric measurements of Teramachia dalli and T. johnsoni 
Specimen Length Width W/L Aperture A/L No. of 
(mm) (mm) Length whorls 

(mm) 








Teramachia dalli 


T. dalli holotype 144 46 ‚32 58 40 11 

Т. dalli claydoni holotype 136 35 .26 49 .36 13 

T. dalli claydoni paratypes 173 49 .28 64 37 14 

(after Poppe, 1986) 151 36 ‚24 47 31 14 
125 36 29 45 36 - 

Other W.A. material 

Range 102-152 30-52 .25-.33 27-57 226-37 11-13 

x + 1 S.D. 134 + 15 39 +6 .29 + 02 46 + 9 .34 + .04 - 





Teramachia johnsoni 


T. johnsoni holotype juv. 96 38 .40 20 .21 10+ 
T. johnsoni USNM 696513 

(after Rehder, 1972) 141 37 .26 64 .45 10+ 
T. dupreyae holotype 

(after Emerson, 1985) 185 46 225 - - 10+ 

T. dupreyae paratype D - juv. 197 42 ‚21 78 40 11+ 
Other W.A. material 

Range 148-212 38-53  .23-27 60-83 .36-.45 9-13 


E AF IDE 175 + 22 44 + 5 25 + 01 69 + 9 40+ .03 - 
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a sufficient basis for separating the northwestern Australian populations of T. 
johnsoni from the type specimen, and T. dupreyae should be considered a 
synonym of Т. johnsoni. 


Redher (1972) described a subspecies of T. johnsoni, T. johnsoni williamsorum 
based on stouter shells collected off Taiwan. This was considered to be 
infraspecific variation by Abbott and Dance (1982). Emerson (1985) found both 
slender and stout forms in T. dupreyae, and considered subspecific status for T. 
johnsoni williamsorum was not warranted. Based on the variability of T. johnsoni 
seen in the northwestern Australian material I agree that a subspecific 
differentiation of slender and stout forms is not necessary. 


Slack-Smith (1982) figured a specimen of T. johnsoni (as T. dalli) from south of 
Cape Leeuwin, W.A. This specimen is ina private collection and not available for 
study. There has been only limited trawling off the south and west coasts of 
Western Australia and no specimens of Teramachia are available. Species of 
other genera collected on the west coast and in the W.A. Museum also occur on 
the North West Shelf. This suggests that when trawling is done alongthe slope off 
the west coast both species of Teramachia will be found. 
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ABSTRACT 


The distribution of Glacidorbis occidentalis is considerably more 
widespread than previously recorded, occurring in streams throughout the 
northern jarrah forest, Western Australia. The species is largely restricted to 
forest streams with intermittent flow regimes and does not occur inlowland 
rivers west of the Darling Range. The association of this species with 
intermittently-flowing streams is atypical of the genus and cannot be 
attributed to differences in stream morphology or water chemistry. 


G. occidentalis is one of the most common gastropods in the intermittent 
streams of the northern jarrah forest though it rarely comprises more than a 
few percent of the total fauna. Adult snails oversummer in the stream bed 
and emerge shortly after the first winter flows. The species produces brooded 
young which appear to be released as veligers during the winter months. 


INTRODUCTION 


The discovery of a new species of the tiny snail G/acidorbis in streams of the 
northern jarrah forest, Western Australia provided an important link between the 
lotic faunas of south-western and south-eastern Australia (Bunn and Stoddart, 
1983). Its presence in south-western Australia was also viewed as additional 
support for the Gondwanic distribution of the genus, proposed by Meier-Brook 
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and Smith (1975). Glacidorbis occidentalis was considered to be atypical of the 
genus as it was recorded from a warm, intermittently-flowing stream. Previous 
records of the genus were from fresh, slightly acidic waters which remained cold 
for much of the year (Smith, 1979). More recently, however, G. hedleyi was 
recorded from shallow pools and riffles in the upper reaches of two intermittent 
rivers in Victoria (Boulton and Smith, 1985). It is apparent that species of 
Glacidorbis are not restricted to cold habitats, or even permanent water, as was 
first thought. 


G. occidentalis was originally described from only three streams out of twelve 
sampled in the northern jarrah forest (Bunn et al. 1986). Two of these localities 
were surrounded by strip-mining operations for bauxite. Additional information 
was needed to determine whether this species had a restricted distribution or was 
more widespread throughout the south-west. Recently, the Water Authority of 
Western Australia commissioned an extensive biological monitoring program of 
catchment streams and rivers of the northern jarrah forest. This study has greatly 
expanded knowledge of the stream fauna of south-western Australia. The 
purpose of this paper is to provide additional information on the distribution of 
G. occidentalis in south-western Australia and to record its association with 
intermittent, forest streams. 


MATERIALS AND METHODS 


A detailed description of the northern jarrah forest and catchment streams was 
given by Bunn ег al. (1986). Briefly, this is a dry sclerophyll forest, dominated by 
two species of eucalypt, jarrah (Eucalyptus marginata) and marri (Е. calophylla). 
The region experiences a Mediterranean climate with a yearly rainfall of 
approximately 125cm, of which about 85% falls between May and October 
(Seddon, 1972). Many of the streams of the northern jarrah forest are short, and 
flow only for a few kilometres before they empty into reservoirs or exit the 
Darling Range and flow into farmland on the coastal sand plain (Bunn er dl. 
1986). 


Quantitative data on the macroinvertebrate fauna of 47 sites, ranging from 
temporary and perennial forest streams to lowland rivers in urban and rural areas, 
have been considered in this paper (Fig. 1). In December 1984, three-monthly 
sampling of 30 sites in two river systems began for the Water Authority of 
Western Australia. These include seven sites on the upper Canning catchment 
(CD), three sites on Stinton Creek (SC), nine sites on the lower Canning River 
(LC) and eleven sites in the upper and lower North Dandalup catchment (ND) 
(Table 1). Samples from December 1984 to October 1985 have been included in 
the analysis. Data from Bunn et al. (1986) for eight sites in Wungong catchment 
and four sites in North Dandalup catchment also have been included. Two of the 
latter sites also have been sampled in the Water Authority study (NDI = Site 12, 
ND2 = Site 9). Bunn et al. (1986) considered Sites 5 and 8 to be on perennial 
streams because they flowed continuously throughout 1981-1983. However, these 
two upstream sites were reduced to a series of pools in the summer of 1984/1985 
and, in drier years, may dry up completely. For this reason, they have been 
included with the temporary forest streams. Unpublished data from a stream 
survey in January 1983 have also been considered. These sites included Dirk 
Brook, Little Dandalup River, Marrinup Brook, McKnoe Brook and Samson 
Brook (Fig. 1, Table 1). 
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Figure l: 


Localities of 47 sites on upland forest streams and lowland rivers in south-western 


Australia that have been quantitatively sampled for benthic macroinvertebrates. Solid symbols 
indicate sites with G. occidentalis and the dashed line represents the Darling Escarpment (A Water 


Authority Study; O Bunn et al., 1986; © Unpublished survey). 
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Table 1: Localities of 47 sites on forest streams and lowland rivers that have been quantitatively sampled 
for benthic invertebrates (CD - Canning Dam, LC - Lower Canning, SC - Stinton Creek, ND - North 
Dandalup. *Bunn et al. 1986; **Bunn unpublished) 














Forest streams Lowland rivers 
Intermittent (17) Perennial (19) Urban (5) Rural (6) 

Kangaroo Gully (CDI, CDIA) Canning River Canning River North Dandalup River 
Death Adder Creek (CD2) — Kangaroo Gully (LCI) —Manning Ave (LCS, LC6) — Southwest Hway (ND6) 
Poison Gully (CD3) —Stocker Rd (LC4) — Lissiman St. (LC6A) — McMahon Rd (ND7) 
Canning River Unnamed tributary (1,2*) — Burslem Ave (LC7) — Corio (ND8) 

— East branch (CD4) Waterfall Gully (3,4*) — O'Dell St. (LC7A) — Lanstal Park (ND9) 

— South branch (CD5) Wungong Brook (6*) South Dandalup River 

— Araluen V-notch (LC2) Seldom Seen Brook (7*) — Lanstal Park (ND10) 

— Araluen Y.A.L. (LC3) Finlay Brook (ND2=9*) — Patterson Rd (NDII) 
31 Mile Creek (CD6) Foster Brook (М01=12,11*) 
Stinton Creek (SCI, SC2, SC3) Wilson Brook (ND4) 
North Dandalup River Dirk Brook (**) 

— North Rd (ND3) Little Dandalup River (**) 

— Pipehead dam (NDS) Marrinup Brook (** 2 sites) 
Wungong Brook (5*) McKnoe Brook (** 2 sites) 
Seldom Seen Brook (8*) Samson Brook (**) 


Dillon Brook (10*) 





Physical and chemical features of catchment streams were outlined by Bunn et 
al. (1986). Generally, forest streams were shallow and cool with a coarse 
substratum of gravel and larger rocks of concreted laterite, and high levels of 
benthic organic matter. The water was acidic with low concentrations of dissolved 
salts, nitrogen and phosphorus, and a low turbidity. No obvious differences were 
apparent between the intermittent and perennial forest streams in terms of these 
physical and chemical parameters. In contrast, lowland rivers were deeper and 
warmer with a sandy substratum and lower levels of benthic organic matter. The 
water was less acidic with elevated concentrations of dissolved salts, nutrients and 
a higher turbidity (Aquatic Research Laboratory, unpublished data). 


Bunn et al. (1986) used a Surber sampler (0.1 m?, 475 um mesh net) to sample 
benthic invertebrates quantitatively and the same sampler was used in the 
unpublished survey of seven sites in January 1983. A smaller Surber sampler 
(0.0625m?, 250 um mesh net) was used to sample the 30 sites in the Water 
Authority study. In all studies, the substratum enclosed by the sampler was stirred 
vigorously to a depth of 10cm for two minutes. All samples were preserved in 10% 
formalin and sorted under a stereomicroscope in the laboratory. 


Specimens of Glacidorbis occidentalis from the Water Authority study were 
removed and the maximum diameter measured at X25 magnification using a 
graticule eyepiece. Specimens from CDIA, LC2 and LC3 on each sampling 
occasion were either dissected or embedded in epon araldite, sectioned at | um 
and stained with toluidine blue for histological examination to establish the 
presence of brooded egg capsules. All specimens and slide preparations used in 
this paper have been lodged in the Western Australian Museum (WAM 569.88 to 
574.88) 


RESULTS 


Glacidorbis occidentalis was present at only 14 of the 47 sites in the south-west 
of Western Australia that have been sampled quantitatively for stream 
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Figure 2. Mean density (m7; + 1 s.e.) of С. occidentalis (С), Е. cf. petterdi (Е) and Glyptophysa sp. 
(P) in Stinton Creek (SC3), Canning River (LC2, LC3) and Kangaroo Gully (CDIA) from 
December 1984 to October 1985. The number of samples (n) = 6, except at SC3 in December 1984, 
where n = 10. (n.s. not sampled). 
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Figure3: Brooded veligers in the pallial cavity of a female G. occidentalis from Kangaroo Gully, 
6.viii. 1985 (scale = 50 um; WAM 569.88). 





Figure4: Longitudinal transverse section of a female С. occidentalis from Kangaroo Gully, 6.viii. 


1985 showing veligers (V) filling the pallial cavity and continuing along the length of the spire (scale = 
200 um; WAM 570.88). 
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Figure 5: Size-frequency (%) histogram of Glacidorbis occidentalis from Canning River (LC2, 
LC3) and Kangaroo Gully (CDIA) from December 1984 to October 1985. Data from six samples 
on each occasion are pooled and the number of measured specimens presented. 
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invertebrates (Fig. 1). The species did not occur in the lowland rivers, west of the 
Darling Range and was restricted to the smaller streams of the northern jarrah 
forest. Of these, it was recorded from 13 of 17 streams with an intermittent flow 
but only one of 19 perennial streams. Only one specimen was recorded in 22 
samples taken from Wilson Brook, a perennial forest stream in the North 
Dandalup catchment. It is highly unlikely that this association is a product of 
chance alone (Fisher’s Exact Test, p <0.001). 


Gastropods were poorly represented in streams of the northern jarrah forest 
and, apart from Glacidorbis occidentalis, Ferrissia cf. petterdi (Ancylidae) and 
Glyptophysa sp. (Planorbidae), only a few introduced lymnaeid snails were 
recorded. Together with Ferrissia, Glacidorbis was the most common gastropod 
in intermittent streams of the northern jarrah forest (Fig. 2). Ferrissia was 
particularly abundant on aquatic vegetation whereas Glacidorbis occurred in 
riffles. Both Ferrissia and Glyptophysa were present in perennial forest streams 
and lowland rivers. Even though Glacidorbis occidentalis was one of the more 
common forest stream gastropods in south-western Australia, it was rarely a 
major component of the stream fauna (Table 2). The highest relative abundance 
was recorded from Kangaroo Gully (CD1A) where it comprised 6.4% of the total 
fauna. 


Table2. Mean densities (m-?; + I S.E.) and percent composition of the total fauna of Glacidorbis 
occidentalis in streams of the northern jarrah forest over a twelve-month period. The total number of 
samples is given in parentheses. (*from Bunn, 1985). 











Location Density % Total Fauna 
m-2 
Stinton Creek SCI 4t 2(24) «0.1 
Stinton Creek SC2 15+ 9(18) 0.2 
Stinton Creek SC3 28+ 14(18) 0.7 
Canning River LC2 314 + 105 (18) 5.1 
Canning River LC3 179 + 88 (18) 1.3 
Kangaroo Gully CDIA 1048 + 322 (12) 6.4 
Kangaroo Gully CDI 9311012) <0.1 
Canning River, south CDS l+ 1(18) <0.1 
31 Mile Creek CD6 5+ 4(12) 0.1 
Wilson Brook ND4 1+ 1 (22) <0.1 
North Dandalup River NDS 12+ 10(18) 0.3 
Wungong Brook Site 5* 64+ 20(18) 1.6 
Seldom Seen Brook Site 8* 13+ 6(18) 0.3 
Dillon Brook Site 10* 83+ 44( 8) 5.3 





Developed young were not observed in any of the specimens examined and 
brooding snails carried embryos only up to the veliger stage (65 to 83 um in 
diameter; Fig. 3). Free veligers were present in many specimens along the entire 
length of the snail and into the pallial cavity (Fig. 4), with a mean number of 106 
(n=10) and a range of 33 to 218. In other specimens, between 2 and 34 veligers 
(mean = 15; n=9) were held only in the anterior part of the pallial cavity. In all 
cases, the veligers were of similar size along the length of the snail and did not 
increase in size or stage of development toward the pallial area (Fig. 4). 
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Brooded veligers were not observed in 8 specimens of G. occidentalis from LC2 
and LC3 in December 1984 nor in four specimens in June 1985, however, two of 
the three specimens examined from these sites in September 1985 had veligers in 
the pallial cavity. Veligers were present in eighteen of the twenty-five specimens 
examined from CDIA in August 1985 though in only five of the eleven examined 
in October. 


Very few free-living young snails were recorded shortly after the first winter 
flows (Fig. 5), though the proportion of small snails was much higher in samples 
taken later in the year. This can be seen clearly in the samples from CDIA in 
October 1985, though it is not obvious in the samples from LC2 and LC3 due to 
the low number of individuals. Small individuals were present in December at the 
latter two sites. 


DISCUSSION 


Glacidorbis occidentalis is considerably more widespread than first reported 
(Bunn and Stoddart, 1983) and occurs almost exclusively in intermittently- 
flowing streams throughout the northern jarrah forest, Western Australia. 
Boulton and Smith (1985) noted that С. hedleyi occurred in intermittent streams 
in Victoria, however, unlike G. occidentalis, this species occurs more commonly 
in cold permanent streams and lakes (Smith, 1979). G. occidentalis was listed as 
an "indicator species" of intermittent streams in the classification analysis used by 
Bunn et al. (1986). Data presented in this paper strongly reinforce this 
observation. 


Early impressions by Smith (1979) were that species of Glacidorbis preferred 
fresh, slightly acidic waters that were subject to winter snow and almost constant 
cold conditions. Climatic changes associated with the movement of the 
Australian continent since the breakup of Gondwanaland have resulted in the 
contraction of the distribution of Glacidorbis into the south-western and south- 
eastern corners of the mainland (Bunn and Stoddart, 1983). In common with all 
other localities with Glacidorbis, intermittent streams of the northern jarrah 
forest are oligotrophic, fresh and slightly acidic though never subject to winter 
snow. 


The association of G. occidentalis with intermittently-flowing streams is 
intriguing and apparently distinguishes it from other members of the genus. 
Particle-size and diversity of the substratum, the amount of benthic organic 
matter and other physical and chemical features are very similar between 
intermittent and perennial forest streams and cannot account for this association. 
Nor is it likely that biological interactions with other species are responsible 
because the faunas, particularly the molluscs, of the two types of streams are 
similar in composition. 


Adults of С. occidentalis spend late summer/autumn (January to May) in the 
stream bed, presumably in moist gravel beneath rocks and logs or even further 
down in the hyporheal zone. Brooded young develop in the mature females and 
are present as veligers soon after the adults emerge during winter. Members ofthe 
genus Glacidorbis were considered to be viviparous and brooding females carry 
only a few embryos at all stages of development, from egg capsule to shelled 
juvenile (Smith, 1979; Ponder, 1986). In contrast, G. occidentalis carries a large 
number of brooded veligers. The production of veligers, rather than shelled 
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juveniles, in a lotic snail is not usual. Presumably the veligers are released either as 
a single mass or as a number of smaller masses, since they are not present later in 
the year and there is insufficient room in the pallial cavity or time for them to 
continue development within the parent. Small snails appear during late winter- 
spring and appear to reach adult size by summer, thougha more detailed analysis 
of the life history would be required to confirm this. The intermittent streams are 
generally dry by late summer (January-February) and adult snails presumably 
retreat into the stream bed at this time. Ponder (1986) found that most 
populations of Glacidorbis he examined had all size classes represented at the time 
of collection, suggesting that there was no preferred time of breeding. G. 
occidentalis appears to have a more seasonal breeding cycle which is obviously a 
response to the highly seasonal changes in its environment. 
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ABSTRACT 


Phyllidia coelestis Bergh, 1905 is redescribed. Phyllidia alia Yonow, 
1984 is recognized as a junior synonym. P. coelestis has been confused 
with P. elegans Bergh, P. nobilis Bergh and P. varicosa Lamarck in the 
past. Internal anatomy is detailed for the first time and the morphology 
of the penial spines is advanced as a useful additional character for the 
description of Phyllidia species. P. coelestis is shown to be widespread in 
the tropical Indo-Pacific. 


INTRODUCTION 


The taxonomy of nudibranchs belonging to the family Phyllidiidae is 
presently ina chaotic state. Many recent authors have commented on this fact 
(Wägele, 1985; Yonow, 1986; Brunckhorst and Willan, 1989; Gosliner and 
Behrens, 1988). Brunckhorst and Willan (1989) have reviewed the 
Mediterranean species of Phyllidia. This paper reviews one of the tropical 
Indo-Pacific species of Phyllidia. 


Bergh (1905) described Phyllidia coelestis from a 32 mm specimen collected 
on a reef-flat near Saleyer, Indonesia, during the “Siboga” expedition. Bergh 
gave a short description of the living animal noting particularly the absence of 
a longitudinal, dark line on the foot sole. The only anatomical notes referred to 
the oesophagus as whitish-yellow: “its form typical for Phyllidia and [the 
foregut] showed six short fingered swellings” (Bergh, 1905:182-183). A 
drawing of the living animal was also published in colour (Bergh, 1905, Plate 3 
Fig. 16). 


MATERIAL AND METHODS 


A total of seventy-eight live specimens and/or colour slides of living animals 
were examined. Table | was derived from these records (author’s database) 
and the literature. Some material is deposited in the Australian Museum and 
the Western Australian Museum, and the registration numbers of these 
specimens are prefixed by AM and WAM respectively. The holotype of P. 
coelestis Bergh was examined. It is conserved in the “Siboga” expedition 
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collections of the Zoology Museum, Institute for Taxonomic Zoology, 
. University of Amsterdam in Holland. The type material of Phyllidia alia 
Yonow from the British Museum (Natural History), registration numbers 
198310 W/1 (holotype) and 198310 W/2 (paratype), were also examined. 


The foregut of four specimens was sectioned for light microscope 
examination. The penial bulb was dissected from specimens which had been 
frozen prior to fixation in 5-10% buffered seawater formalin. In most cases the 
distal vas deferens, penial sheath and / or genital aperture had to be cut and the 
partially everted portion of the penis extracted by hydrostatic pressure or 
mechanically with fine needles. Drawings were made with the aid of a camera 
lucida. 


The following material was dissected (if not acknowledged otherwise, 
specimens were collected by the author): i) One specimen (39 mm alive), 18 m 
depth, submerged reef patch off Lion Island, 15 km S.E. of Port Moresby, 
Papua New Guinea, 20 June 1988. ii) One specimen (30 mm alive), 4 m depth, 
submerged reef patch off Lion island, 15 km S.E. of Port Moresby, Papua 
New Guinea, 20 June 1988. iii) One specimen (33 mm alive), 12 m depth, S.E. 
front of Wistari Reef, Central Queensland, | December 1987. iv) Two 
specimens (37 mm, 32 mm alive), 10 m depth, Linnet Reef, W. of Lizard 
Island, North Queensland, 15 October 1986. v) One specimen (18 mm alive), 
15 m depth, Macgillvray Reef, N.E. of Lizard Island, North Queensland, 16 
October 1986. vi) One specimen (48 mm alive), 12 m depth, Batt Reef, North 
Queensland, 4 January 1987. vii) One specimen (33 mm preserved), 16-20 m 
depth, Uepi Island, Solomon Islands, leg. P. Chapman-Smith, 24 May 1987. 
viii) One specimen (41 mm alive), 6-30 m depth, Madang lagoon, Northern 
Papua New Guinea, leg. R. C. Willan, 16 February 1988. ix) Two specimens, 
AM C142660 (24 mm, 35 mm preserved), 20 m depth, off Dumaguete, Negros 
Island, Philippine Islands, leg. B. E. Picton, 3 March 1983. x) One specimen (9 
mm alive), 6-12 m, “The Chimney”, Madang lagoon, Northern Papua New 
Guinea, leg. R. C. Willan, 30 January 1988. xi) Two specimens, WAM 210-88 
(31 mm, 27 mm preserved), Robray reef, North Western Australia, leg. F. 
Wells and C. Bryce, 15 July 1988. xii) One specimen, WAM 171-87 (42 mm 
preserved), Roly rock, Dampier, North Western Australia, leg. F. Wells and 
C. Bryce, 3 April 1987. xiii) Two specimens, WAM 239-88 (35 mm preserved) 
and WAM 240-88 (28 mm preserved), N. W. of Buffon Island, North Western 
Australia, leg. F. Wells and C. Bryce, 23 July 1988. xiv) Two specimens, WAM 
1048-85 (37 mm, 27 mm preserved), ‘Yardie creek’, North Western Australia, 
leg. S. Slack-Smith and C. Bryce, 28 May 1981. 


DESCRIPTION 


FAMILY PHYLLIDIIDAE RAFINESQUE, 1814 
Phyllidia coelestis Bergh, 1905 


Synonymy 

Phyllidia coelestis Bergh, 1905, p. 182, pl. 3, fig. 16: Eliot, 1906, p. 673; Pruvot-Fol, 1956, p. 64; 
Pruvot-Fol, 1957, p. 106; Kenny, 1970, p. 91; Burn, 1975, p. 516; Coleman, 1981, p. 157, pl. 
472; Lin, 1983, p. 152, pl. 1, fig. 5. 
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Phyllidia nobilis: Farran, 1905, p. 345, pl. 3 figs. 16, 17. (non Phyllidia nobilis Bergh, 1869). 
Phyllidia elegans: Edmunds, 1972, p. 82, fig. 4b. (non Phyllidia elegans Bergh, 1869). 
Phyllidia picta: Burn, 1975, p. 516. (non Phyllidia picta Pruvot-Fol, 1957). 

Phyllidia alia Yonow, 1984, p. 224, figs. 6c-d, 7a, 8f-g. 

Phyllidia varicosa: Gosliner, 1987, p. 90, pl. 152. (non Phyllidia varicosa Lamarck, 1801). 


External Morphology 

In life, the largest specimen measured 60 mm (average length was 33 mm). P. 
coelestis is broader than other Phyllidia species giving it a more oval than 
elongate appearance. The basic colours of Phyllidia coelestis are blue to 
grey-blue, gold, and black. The rhinophores are always gold-yellow. The foot 
is grey and has no other markings. Variation in colour and pattern are shown 
in Figure 1. The specimen illustrated in Figure la closely matches the holotype 
and Bergh's (1905) figure of P. coelestis. The mantle surface has three, 
longitudinal, black bands. Two black bands run laterally, each on the outside 
of two medio-lateral, blue-grey ridges which have tubercles tipped in gold. 
These ridges, which may be broken in some specimens, originate anteriorly 





FIGURE 1. PAyllidia coelestis Bergh 1905. a. 39 mm specimen (alive), 18 m, reef patch off Lion 
Is., southern Papua New Guinea. Photograph: D. J. Brunckhorst. b. Variation in external 
pattern. Specimens (55 mm and 60 mm) found copulating, 13 m, Orontes reef, off Cobourg 
Peninsula, Northern Territory, Australia. Photograph: R. C. Willan. 
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immediately behind each rhinophore and converge posteriorly in the region of 
the anus. Two to four isolated, large, gold capped tubercles arise from the 
median black band; however, these are never joined as a midline ridge. There 
are always two isolated gold-tipped tubercles in the midline, one immediately 
anterior to, and the other immediately posterior to, the rhinophores (Fig. 1). 
The rhinophores are gold-yellow in colour and each clavus possess 19 to 26 
lamellae. Around the edge of the mantle is a wide, blue-grey strip having 
smaller tubercles, the larger ones of which may be gold tipped. Sometimes, 
meanderings of black encroach into this blue-grey margin (Fig. 1). 


The pattern of juveniles appears to be simpler with less variation in the two 
ridges. These ridges are unbroken and form a distinctive ^Y" shape on the 
mantle. 


Anatomy 

There are two transverse, dark bands on the dorsal surface of the foregut, 
one at the junction of the oral tentacles and oral tube, and the other on the 
anterior section of the pharyngeal bulb (see Fig. 2). 


The mouth, which is situated between the oral tentacles and the foot leads 
into an oral tube. The oral tube passes into a musculo-glandular pharyngeal 
bulb having cream coloured glandular bodies antero-ventrally (not visible in 
dorsal view of Fig. 2) which take the form of short rounded protuberances, 
some of which have short secondary branches. These glands correspond with 
Bergh's "short fingered swellings". Inside the pharyngeal bulb there is a thick, 
folded, glandular epithelium. This was particularly apparent in the sectioned 
material. Two large extrinsic retractor muscles insert posterio-dorsally onto 
the pharyngeal bulb and are attached to the dorso-lateral body wall not more 
than onethird ofthe way down the body length. The blood gland (folded to the 
left in Fig. 2) overlies the oesophagus and the reproductive organs. Posterior 
to the pharyngeal bulb, the pharynx narrows and forms the distinctive *Z" 
bend through the central nerve ring. From there, the oesophagus continues 
back into a large area of digestive gland which occupies about two-thirds of the 
body cavity. There is no distinct separation between the stomach and central 
core of the digestive gland. Instead, over a length of three to four millimetres, 
the oesophageal tube broadens into a thin walled tract. Here, there are lateral 
openings from the surrounding digestive gland. The exact number of these 
openings could not be ascertained because of the fragility of the organ. 


The intestine originates dorsally from the posterior half of the digestive 
gland mass and passes forward before turning to the right, almost encircling 
the pericardium, and then straightening to run posteriorly down the right side 
to open dorsally via the anal papilla (Fig. 2). 


The excretory system was not traced, although the position of the syrinx is 
indicated in Figure 2. In some specimens, part of the nephridium was visible 
beneath the syrinx and intestine. 


Reproductive system 
The reproductive system displays the triaulic condition of the most 
advanced dorids. It has two allosperm receptacles (bursa copulatrix and 
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FIGURE 2. Phyllidia coelestis. Dorsal view of general anatomy. Abbreviations: AN -anus, BC 
-bursa copulatrix; BG - blood gland; CN - central nervous system; DG -digestive gland; E 
-oesophagus; G - reproductive opening; | - intestine; N -nephridium; NI - nidamental glands; O 
-oral tentacles; OT - oral tube; OVT - ovotestis; PB -pharyngeal bulb; PRM - pharyngeal 
retractor muscle; PC - pericardium; RH -rhinophores; SY - syrinx. 
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receptaculum seminis -see Fig. 3). The ovotestis overlies the anterior third of 
the digestive gland. The remainder of the reproductive system occurs in the 
space between the pharyngeal mass (anteriorly) and the digestive gland 
(posteriorly), and opens laterally between the mantle and foot on the right side 
(Fig. 3). From the ovotestis, the hermaphrodite duct becomes a creamish 
coloured, oval ampulla. The short vas deferens leads from the ampulla into the 
prostate gland which, after a few bends, narrows as the distal vas deferens 
before opening directly into the muscular, ejaculatory duct (penis), which 
finally opens contiguously with the vagina (Fig. 3). The distal, slightly bulbous 
end of the eversible penis is armed with chitinous spines (Fig. 4) in 14 to 16 
longitudinal rows separated by channels. Individual spines have a smooth 
surface, arise from a rounded base (viewed from above) which is not 
particularly broad in side view, are distinctly recurved, and taper to a pointed 
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FIGURE 3. Phyllidia coelestis. Unravelled reproductive system. Abbreviations: AMP - 
ampulla; BC - bursa copulatrix; DVD - distal vas deferens; NI - nidamental glands; OD 
-oviduct; OV -oviducal aperture; P - penis; PR - prostate gland; RS -receptaculum seminus; 
VGD - vaginal duct; V/P - contiguous vaginal and penial aperture. 
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FIGURE 4. Phyllidia coelestis, scanning electron micrographs of penial armature. a. 
Completely everted penis. Scale bar 0.1 mm; b. Lateral view showing detail of penial spines. 
Scale bar 10 um. 
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end facing back towards the vas deferens (Fig. 4). The extreme tip of the penis 
is devoid of spines. In a 33 mm specimen, the distal segment of the penis 
without spines measured 40 um, the spinose region measured 76 um, and an 
individual spine was approximately 5 to 7 um in vertical height. 


A thin walled, convoluted oviduct connects the ampulla to the nidamental 
gland mass. In situ, the vaginal duct and its two receptacles lies to the right of 
the nidamental glands (teased apart in Fig. 2) and the nidamental opening 
occurs immediately adjacent to the genital vestibule (7 contiguous vaginal and 
penial aperture, Fig. 2). From the round, yellow-brown bursa copulatrix, the 
vaginal duct leads directly into the vagina. The oval receptaculum seminis is 
translucent. The vaginal duct divides just prior to the entry to each vesicle (Fig. 
3). The genital vestibule is lined with folded epithelium which forms 
longitudinal ridges and canals, and these appear to match the rows of penial 
spines. 

Remarks 

This work represents the first critical re-examination of P. coelestis since 
Bergh's (1905) original description. The species’ tropical Indo-Pacific 
distribution has not been apparent previously (Table 1). P. coelestis is now 
known from the western Pacific, the South China Sea, the Timor Sea and 
across the Indian Ocean to South Africa. Records (present work) suggest that 
it is a more common species than previously considered. 


Table 1. Biogeographic records for Phyllidia coelestis. 
* denotes new record. 








Locality Source 
Indonesia (Celebes) Bergh, 1905 
South China Sea Lin, 1983. 
Solomon Islands* Specimen & slide, P. Chapman-Smith, pers. comm., 
present work. 
Papua New Guinea Slide, C. Carlson, in litt., 1987; specimens, R. Willan, pers, comm., 
1988; pers. obs., present work. 
Vanuatu* Slide, L. Thornton, in litt., 1985. 
Fiji* Specimens, R. Willan & G. Brodie, pers. comm., 1987. 
Australia: 
Queensland R. Kenny, 1970; R. Burn, 1975; AM specimens, present work. 
Torres Strait* Slide & pers. obs., 1985. 


Northern Territory* Specimens (Figure 1b), R. Willan, pers. comm., 1987. 
Nth. Western Aust.* WAM specimens, present work. 


Sri Lanka* Yonow, 1984, as P. alia. 

Maldive Archipelago* Slide, P. Chapman- Smith, pers.comm., 1984. 

South Africa* Edmunds, 1972, as P. elegans; Gosliner, 1987, as P. varicosa. 
Philippines* AM specimens, present work. 





Phyllidia coelestis is a distinctive species of Phyllidia. In the field it can 
usually be distinguished from other phyllidiids by colour and pattern, in 
particular the “Y” shape of the blue-grey, dorsal ridges, the gold capped, 
mid-dorsal tubercles (which never forma ridge as occurs in P. varicosaand P. 
arabica), the evenly tuberculate, grey-blue, mantle margin, gold rhinophores 
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and uniformly grey foot without a dark stripe (Bergh, 1905; present work). 
Colour photographs which illustrate these features of P. coelestis can be found 
in Coleman (1981:157, pl. 472) and Gosliner (1987:90, pl. 152 as P. varicosa). 
Internal characters reinforcing specific determination include the markings on 
the foregut and penial spine morphology. Although the pharyngeal bulb 
region is similar to that of P. ocellata and P. varicosa (in the possession of 
folded glandular tissue internally and the 'finger' glands on the ventral 
surface), the pharyngeal bulb is broader in P. coelestis and has anterior 
markings. 


Scanning electron micrographs show that the penial spines of P. coelestis 
differ in size and shape to those of P. varicosa Lamarck and P. pustulosa 
Cuvier. For example, the penial spines of P. varicosa are broad based and 
taper in an even curve to their point (pers. obs.) whereas those of P. coelestis 
have a smaller, rounded base which narrows immediately resulting in a 
slimmer ‘stem’ to the spine. The penial spines of P. pustulosa are irregular in 
shape, slender, and more upright (pers. obs.). Although penial armature may 
be a useful additional taxonomic character, chemical signalling probably 
plays the crucial identification role and initiates copulatory behavior in nature 
(see Scheuer, 1977, 1982; Karuso, 1987). The ‘keying’ of penial armature with 
the lining of the vagina may (? or may not) be a secondary specific recognition 
factor after copulation is initiated. 


Phyllidia coelestis has repeatedly been confused with other PAyllidia species 
in the literature. P. varicosa Lamarck and P. arabica Ehrenberg have three to 
five dorsal ridges including a mid-line ridge (Bergh, 1869, 1905; Yonow, 1986). 
In the absence of specimens for examination, Pruvot-Fol (1956, 1957) and 
Risbec (1956) erroneously considered P. coelestis to be a synonym of P. 
varicosa. Gosliner's (1987) P. varicosa can be identified as P. coelestis. 
However, the animal illustrated as P. coelestis by Lin (1975, pl.2, fig.9) is 
probably P. varicosa. Edmunds’ (1972:82, fig.4b) P. elegans had no dark line 
on the sole and matches the dorsal pattern of P. coelestis. The P. nobilis 
specimen of Farran (1905) appears to be P. coelestis also. The specimen 
(WAM 90-64) referred to as Phyllidia picta Pruvot-Fol by Burn (1975) has 
been re-examined by Mr R. Burn and the present author, and we now both 
consider it to be P. coelestis. The holotype of P. coelestis was partially 
dissected by Bergh, but remains recognisable. PAyllidia alia Yonow, 1984 
(with type locality of Sri Lanka) is a junior synonym of P. coelestis. Yonow's 
description of P. alia matches Bergh's (1905) precisely and my examination of 
the type material confirmed the synonymy. 
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Book Review 


Pelagic Snails. The Biology of Holoplanktonic Gastropod Mollusks by C. M. Lalli 
and R. W. Gilmer. 1989. Stanford University Press, Stanford, CA. 259 pages. 
$49.50 US. 


Holoplanktonic molluscs, those gastropods which undergo their entire life cycle 
in the water column, are among the least known snails. There are basically two 
reasons for this. Firstly the animals are usually small and have traditionally been 
studied using material collected in plankton nets. With few exceptions the material 
was bulk preserved at sea so there were no opportunities for live study of the 
animals. The second reason was that planktonic molluscs constitute only a small 
fraction of the total zooplankton, and plankton workers naturally concentrated on 
the more common groups. 


The use of bulk preserved plankton material made the study of planktonic 
molluscs extremely difficult. It is a credit to the skill and patience of early workers 
that they were able to obtain a great deal of information from material that was 
often badly preserved, but inevitably there were misinterpretations based on 
preserved material. Our knowledge of planktonic molluscs — primarily the 
prosobranch heteropods and the opisthobranch thecosomatous and 
gymnosomatous pteropods — increased rapidly in the last 20 years as animals were 
observed in the field using scuba techniques and individual animals were collected 
and studied in the laboratory. Lalliand Gilmer were pioneers in the examination of 
live holoplanktonic molluscs. Through their work over the years they have been 
able to clear up many misconceptions which arose in the earlier studies. Pelagic 
Snails draws together their own work and that of other authors to present an up to 
date account of our current knowledge of heteropods, pteropods, planktonic 
nudibranchs, and janthinid snails. 


However the book is more than just a summary of published literature. 
Throughout the text are numerous previously unpublished facts and 
interpretations of function gathered over many years. The book is very well written 
and readable, presenting these fascinating animals in an interesting manner. The 
highlight is the outstanding colour photographs of the living animals. Pelagic 
Snails will be must reading for anyone seriously interested in molluscs. 


F. E. Wells 
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ABSTRACT 


This paper reports the radula structure and diets of trochid (Thalotia 
conica, Prothalotia lehmanni) and columbellid (Pyrene bidentata) 
gastropods that reside amongst the terminal leaf clusters of the seagrass, 
Amphibolis griffithii, in shallow, subtidal regions of south-western Australia. 
Both trochids possessed similar rhipidoglossan radulae that swept diatoms, 
small encrusting coralline algae and other organisms from the seagrass leaves. 
Pyrene bidentata used similar food resources but also consumed some larger 
food fragments (e.g. hydroid colonies) with its rachiglossan radula. 


Snail diets most closely reflected the range and abundance of epiphytes on 
leaves in summer. During particularly the winter, certain diatoms were 
disproportionately present in snail diets, either through active food selection 
or because some diatoms were patchily distributed on leaves. Although 
unidentifiable materials accounted for about 20-35% by volume of food 
present in snail stomachs, our data support the view that epiphytes can be 
more important than detritus in sustaining the food webs of vagile gastropods 
in seagrass ecosystems. 


INTRODUCTION 


Seagrass leaves markedly increase the effective surface area of benthic 
environments (Kikuchi & Peres, 1977) and provide a natural substratum for 
colonization by a broad range of epiphytic organisms (Ducker, Foord & Knox, 
1977; Harlin, 1980). The primary productivity of seagrass meadows is therefore 
partitioned between the macrophytes and their epiphytes, with energy passing from 
this community to higher trophic levels by more than one route. 


Living seagrass leaves are typically consumed by only a few herbivorous fish 
(Randall, 1967; Carr & Adams, 1973; Pollard, 1984), crustaceans (Klumpp & 
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Nichols, 1983) and turtles (Bjorndal, 1980, for Caribbean habitats), and much of 
the leaf material is thought to enter food webs via detrital pathways (Fenchel, 
1970). However, bacteria, diatoms and small epiphytic algae are often abundant on 
leaves (Novak, 1984), very highly productive (Morgan & Kitting, 1984; Kitting, Fry 
& Morgan, 1984), and directly available to microphagous browsers in the seagrass 
canopy. Thus, gammarid amphipods exhibit distinct dietary preferences for 
different resources in seagrass meadows (Zimmerman et al., 1979), and crustaceans 
and gastropods feed selectively on the epiphytic flora associated with the leaves of 
Thalassia and Halodule (Kitting, 1984; Kitting ег al, 1984), Zostera (van 
Montfrans et al., 1982) and Heterozostera (Howard, 1982). 


In south-western Australia many shallow, subtidal regions are dominated by 
extensive meadows of Posidonia and Amphibolis that support an abundant 
gastropod fauna. This paper reports the epiphytes ingested by trochid (Thalotia 
conica, Prothalotia lehmanni) and columbellid (Pyrene bidentata) gastropods that 
occur at moderate to high population densities, i.e. 50->200 snails m2, amongst 
the terminal leaf clusters of Amphibolis griffithii. 


MATERIALS AND METHODS 


Thalotia conica, Prothalotia lehmanni and Pyrene bidentata were collected 
from the central region of a large monospecific stand of Amphibolis griffithii 
(depth 3-4 m) near the southern tip of Penguin Island, Western Australia (115° 41’ 
E, 32° 19° S). Seagrasses within 0.25 m-2 quadrats were severed at substratum level 
with scissors and immediately transported to the laboratory where the snails were 
separated from leaf clusters. 


Five radulae were dissected from each species (shell lengths 14-18 mm), fixed in 
gluteraldehyde and dehydrated in alcohol, mounted in different orientations on 
aluminium stubs, and sputter-coated with gold for examination with a Phillips 
501B scanning electron microscope operating at 30 kv. The central, lateral and 
marginal teeth were identified and compared with the radula structure of other 
prosobranch molluscs (Fretter & Graham, 1962; Purchon, 1968; Hickman, 1976; 
Radwin, 1977). A further 10 radulae from each species were mounted for light 
microscopy according to methods outlined by Mikkelsen (1985). 


The contents of the posterior oesophagus and stomach of 20 snails of each 
species were examined in February (summer) and July (winter) 1987. The contents 
of half of these guts were prepared for diatom identifications by boiling in nitric 
acid followed by repeated washing and centrifugation (Patrick & Reimer, 1966). 
Each sample was then evenly dispersed ona preheated coverslip and mounted with 
Hyrax medium when dry. Diatoms were identified to at least generic level from 
John (1983). The abundance of diatoms of different species in each sample was 
estimated from counts of 20 non-overlapping fields of view (x400 magnification) 
per slide. The remaining guts were prepared as above, but omitting HNO, 
treatment, and examined for other animal and plant materials. 


Similar methods were employed to identify and estimate the abundance of 
epiphytes scraped from both surfaces of haphazardly collected leaves in February 
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and July 1987. A similarity dendrogram based on the Canberra Metric (Clifford & 
Williams, 1976) was constructed to compare the diversity and abundance of 
epiphytes on leaves with food materials recovered from snail guts. 


During a 48 h period in February 1987, adjacent Posidionia and Amphibolis 
meadows were assessed at about 4 h periods to estimate the number of snails 
associated with stems or terminal leaf clusters (Amphibolis), or attached to the 
apical or basal halves of seagrass blades (Posidonia). 


RESULTS 
Radula Structure 
The trochids were equipped with bilaterally symmetrical rhipidoglossan radulae 
that were similar in overall length and in their total number of tooth rows. They 
differed from each other principally in the number and arrangement of cusps on 
their teeth. 


In Thalotia conica, the central tooth and five sets of lateral teeth were triangular 
with tricuspid bases. The innermost and tallest marginal teeth possessed a single 
basal cusp on their outer face but successive groups of these teeth became 
progressively shorter and ultimately tricuspid at the margins of the radula (Plate 1, 
2). 


Cusps were absent on the central tooth of Prothalotia lehmanni but the first 
lateral teeth on each side were quadricuspid and tricuspid on their inner and outer 
faces respectively; all other lateral teeth were basally bicuspid on both faces (Plate 
3). As in T. conica, the marginal teeth progressively decreased in height, and their 
outer basal surface varied from unicuspid to tricuspid with increasing distance 
from the radula midline. The mean relative width of the marginal tooth series, as a 
ratio compared to the breadth of the central plus lateral teeth, was significantly 
much greater in P. lehmanni than in T. conica of similar size (shell length = 14-18 
mm; t-test, p < 0.001). 


Unlike the trochids, the radula in Pyrene bidentata was rachiglossan and housed 
within a protrusible proboscis. It consisted of a central tooth flanked on each side 
by a single lateral tooth bearing a short series of cusps (Plate 4). Manipulation of 
the excised radula indicated that the lateral teeth were highly mobile, fanning out 
when the radula was projected and folding inwards and interlocking when it was 
withdrawn. 


There was a strong positive and linear correlation between radula width and 
increasing body size (= shell length) in both Thalotia conica (r = 0.894, p — 0.001) 
and Prothalotia lehmanni (г = 0.936, p < 0.001). Radula width in Pyrene bidentata 
was more weakly correlated with shell length ( r = 0.673, p > 0.05) over the size 
range measured (Fig. 1). 


Epiphytes on Amphibolis Leaves and in Snail Diets 


The floral community detected on Amphibolis leaves was dominated by diatoms 
(44 species) and the encrusting coralline algae, Fosliella sp. and Pneophyllum sp. 
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PLATES 1-4: Scanning electron micrographs of parts of the radula of Thalotia conica (1,2), 
Prothalotia lehmanni (3) and Pyrene bidentata (4) showing the arrangement of the central tooth (c), 
lateral teeth (L) and marginal teeth (m). Print magnifications are x410 (1), x711 (2), x240 (3) and x147 
(4). 
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FIGURE 1: Regression lines showing the relationship between total radula width and shell length for 
Thalotia conica (8), Prothalotia lehmanni(*) and Pyrene bidentata (О). Correlation coefficients and 
significance values are given in the text. 
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FIGURE 2: Similarity dendrogram showing affinities between gastropod diets and seagrass micro- 
epibiota. Amphibolis leaf epibiota in February (1) and July (2), T: conica diet in February (3) and July 
(4), P. bidentata diet in February (5) and July (6), and P. /ehmanni diet in February (7) and July (8). 
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(Table 1). The encrusting coralline algae, together with the diatoms Plagiogramma 
interruptum, Grammatophora oceanica, Mastogloia binotata and Navicula sp., 
were the most abundant species on leaves in both summer and winter. Numerous 
diatoms (e.g. Campyloneis grevillei, Cocconeis spp.) persisted at low levels in both 
seasons whereas others exhibited a marked seasonality and were most abundant in 
either summer ( Navicula tripunctata, Mastogloia sp. 1.) or winter (Licmophora spp., 
Mastogloia fimbriata, Opephora martyi). Fourteen species were detected on leaves 
only during winter, some achieving comparatively high population densities (e.g. 
Grammatophora serpentina, Rhoicosphenia sp.). Leaf surfaces were also 
sometimes occupied by small turf-like or filamentous algae (Dasya sp., Bornetia 
sp. foraminiferans, colonies of hydroids e.g. Plumularia compressa and 
Campanularia australis, amphipods, and spicules derived from sponges (Table 1). 


Although all diatom species identified on Amphibolis leaves were recovered 
from the stomach contents of the gastropods during this study (Table 1), the diets 
of the three snails more closely reflected the overall diversity and abundance of 
members of the leaf epiphytic community in summer than in winter (Fig. 2). Thus. 
particularly in winter, certain diatoms were more numerous in snail gut contents 
than they were on the leaves, e.g. Cocconeis spp, in T. conica and P. bidentata, 
Gomphonema valentica and Mastogloia sp. 1 in P. lehmanni, and Amphora 
ventricosa and Nitzchia dissipata in P. bidentata (Table 1). This may indicate that 
some diatoms are preferentially selected by gastropods in certain seasons. 


Observations on the vertical migration patterns of snails present on Posidonia 
and Amphibolis indicated that the majority of individuals moved up Posidonia 
leaves by day and sought refuge closer to the rhizomes at night. There was, 
however, no conspicuous pattern of vertical migration of gastropods on 
Amphibolis, and almost all snails were confined to the short, terminal leaf clusters 
throughout the 48 h observation period. 


DISCUSSION 


Gastropods in some seagrass meadows undertake vertical diel migrations, 
seeking cover near the sediments by day and moving upwards towards the 
epiphyte-laden leaf tips to feed actively at night (Kitting, 1984; Howard, 1987). 


Preliminary observations in this study showed a similar pattern of movement by 
Thalotia conica, Prothalotia lehmanni and Pyrene bidentata in beds of Posidonia 
spp., but failed to detect any marked diel migrations amongst the same snails in 
adjacent Amphibolis stands. These differences may be due to the morphology of 
the host plants. Thus, whereas many genera of seagrasses have either short or 
strap-like leaves that arise directly from rhizomes (Den Hartog, 1970), the leaf 
clusters of Amphibolis are borne on the tips of erect, narrow stems (< 330 mm tall 
at Penguin Island, approx. 2 mm diameter) which may hinder routine vertical 
migrations. Epiphytes associated with the leaf surfaces therefore represented the 
major food resource for vagile gastropods in our Amphibolis meadow, with snails 
seeking refuge in the axils of each terminal leaf cluster. 
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Thalotia conica and Prothalotia lehmanni possessed typical rhipidoglossan 
radulae which are evidently well equipped for “brooming” loosely attached 
particles from the substratum, a process which relies heavily on the extensive series 
of marginal teeth (Steneck & Watling, 1982). The strong positive correlation 
between total radula width and shell length (or age) is presumably related to the 
essentially herbivorous diet of these gastropods, i.e. growth and maintenance of 
body size are related to potential food intake and thus to the effective area grazed 
with each radula stroke. The radula of P. lehmanni is narrower than that of T. 
conica at a similar body size, but this may be at least partially compensated for by 
the significantly greater proportional width of the marginal teeth series in the 
former species if these are similarly splayed during feeding. With respect to their 
morphological details, the trochid radulae differed mainly in the number and 
arrangement of the cusps present on the lateral and marginal teeth but the 
significance of these small differences is unclear. Identifiable food materials 
consumed by both trochids were in the same size range (5-235 um), and there was a 
considerable overlap in the species composition of diatoms and foraminiferans that 
they ingested. 


Lacking marginal teeth, the rachiglossan radula of Pyrene bidentata was only 
about half the width of that of either trochid (Fig. 2) but bore approximately twice 
as many rows of mobile and interlocking lateral teeth per unit length. Exhibiting 
little increase in width with increasing body size, the radula of P. bidentata appears 
to be a more robust and versatile structure for food gathering. Indeed, Bandel 
(1984) regarded columbellid radulae as ideal tools for cutting, tearing and hooking, 
features that enable these snails to feed opportunistically on diatoms and 
filamentous algae as well as animal flesh (Hatfield, 1979; Morgan & Kitting, 1984; 
Kitting et al., 1984). Despite these attributes, the recognisable food items consumed 
by Pyrene bidentata in this study closely resembled those in the diets of both 
trochids although it was occasionally able to ingest small hydroid colonies, 
amphipods and perhaps other small invertebrates. Pyrene bidentata is, however, 
one of the commonest gastropods in numerous intertidal and subtidal localities in 
south-western Australia, and its dietary range may be much more varied in these 
other habitats. 


A variable proportion of the food consumed by the three gastropods (estimated 
visually as 20-35% by volume) could not be identified satisfactorily because of the 
abrasive action of the radula and subsequent digestive processes. However, much 
of this material appeared to be derived from small filamentous algae (e.g. Dasya 
ѕр., Bornetia sp.) that are common on Amphibolis leaves (Borowitzka & 
Lethbridge, 1989). 


In addition to diatoms, encrusting coralline algae were the most numerous 
recognisable components in the diets of the three snails, despite the fact that 
rhipidoglossan radulae have been regarded as poorly equipped to deal with these 
materials on strictly morphological grounds (Steneck & Watling, 1982). However, 
these epiphytes ( Fosliella sp., Pneophyllum sp.) form only small confluent plaques 
on seagrass leaves. Their relatively "brittle" nature and ubiquitous distribution on 
all but the youngest leaves of Amphibolis (Bramwell & Woelkerling, 1984; Harlin 
et al., 1985) evidently predispose them to becoming common dietary items. Sponge 
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spicules within the gut contents were essentially detrital elements because 
poriferans were rare on Amphibolis leaves and uncommon on their stems at our 
sampling station. Most of the spicules present on leaf surfaces probably originated 
from sponge communities on the limestone reefs that flanked the seagrass meadow. 


Our data indicated some changes in the species composition of diatoms in the 
two seasons examined, and suggested that certain diatoms were favoured dietary 
items because they were more numerous in the gut contents than on haphazardly 
collected leaves, especially in winter. In this context, recordings of audible feeding 
patterns amongst gastropods have shown that feeding starts and stops abruptly as 
the mouth moves over different foods on seagrass blades (Kitting, 1984). However, 
foraging selectivity suggested by our data needs cautious interpretation because gut 
contents could not be related to epiphytes present on any specific leaf, and diatoms 
may be patchily distributed on seagrass blades. Nevertheless, our data support 
Kitting’s (1984) view that epiphytes can be more important than detritus in 
sustaining food webs of vagile gastropods in seagrass ecosystems. 
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ABSTRACT 


The distribution of two wetland pulmonate gastropods, Salinator 
solida and Ophicardelus ornatus, was studied at Towra Point and 
Kooragang Island, NSW. Indicator species analysis (ISA) showed that 
both intra and inter-specific zonation occurs. Linear discriminant 
analysis showed that 87.5% of the variance between five groups formed 
by ISA was explained by the first two discriminant functions. The first 
discriminant function was highly correlated with distance from shore, 
soil salinity and the degree of inundation at each site. The second 
discriminant function was correlated with cover. The pattern revealed in 
this study shows large S. solida to be found high on the shore in habitats 
of poor drainage and high salinity. Small S. solida and O. ornatus are 
generally found downshore in habitats of regular inundation, good 
drainage and good cover. Larger O. ornatus and intermediate S. solida 
were generally found in habitats where the environmental conditions are 
between these two extremes. 


INTRODUCTION 


Studies of spatial heterogenity of any population, whether it be fauna or flora, 
are important for conceptualising the processes that are involved in structuring that 
population. The study of wetland communities in Australia has increased in recent 
times, but few studies have provided detailed data on the ecology of epifaunal 
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communities. No study has specifically discussed the ecology of the gastropods 
Salinator solida and Ophicardelus ornatus yet these two species dominate many of 
the molluscan epifaunal communities found in mangrove and salt marsh habitats 
along the central New South Wales coast. A number of studies have examined the 
general distribution and zonation of molluscan epifaunal species in mangrove and 
saltmarsh habitats (Hutchings and Recher, 1974; Hutchings ег aL, 1977; 
Hutchings, 1981; Hutchings and Recher, 1983; Robinson et al., 1983). Only one of 
these studies (Morgan and Hailstone, 1986) examined size-specific zonation 
patterns (in S.E. Queensland). This study provides a quantitative assessment of the 
inter-specific and size-specific zonation patterns of O. ornatus and S. solida in the 
saltmarsh and mangrove habitats of Towra Point. 


MATERIALS AND METHODS 


This study was conducted during August and September 1983 in the wetland 
complex of Towra Point peninsula in Botany Bay. Thirty-three sites were selected. 
Sites 1-28 were located between Woolooware Bay and Weeney Bay, sites 29-33 
were on Pelican Point (Fig. 1). Each of the sites was selected subjectively. They 
represent the different plant communities (Habitat types) on a wide spatial scale, as 
the plant communities are indicative of the environmental conditions experienced 
at each site (Outhred and Buckney, 1983). A further two sites were sampled during 
September, these were located at Kooragang Island on the Hunter River near 
Newcastle, NSW. These sites were chosen to represent extremes in environmental 
conditions. The first was located nearshore with a dense mangrove canopy 
providing greater cover and with regular inundation. The other site was located in 
an upper saltmarsh area with little cover and poor drainage. 


For the purposes of this study Ophicardelus quoyi and Ophicardelus sulcatus 
have been treated as being synonymous with Ophicardelus ornatus, after Smith 
and Kershaw (1979) and Robinson and Gibbs (1982). All three morphs were 
present in the study area. At each of the sites the vegetative habitat type (Outhred 
and Buckney, 1983) was noted (see Table | fora description of habitat type at each 
site). Four 0.25 m? quadrats were randomly thrown within each site and all the 
individuals of O. ornatus and S. solida collected from each quadrat then pooled. 
Though this method does not allow an estimate of within site variation to be made 
it still gives a sample that is representative of the population structure at each site. 
Each site was located on an aerial photograph and its distance from shore 
determined. In the laboratory the length of each specimen was measured with 
vernier calipers and grouped into size classes, based upon 2 mm shell length 
intervals. For the purposes of data analysis the size classes of each species were 
treated as ecological units and referred to as pseudospecies. At Kooragang Island 
ten 0.25 m? quadrats were randomly thrown at each site and the individuals from 
each of the quadrats were not pooled. The latter sampling method was used as it 
allows a more robust statistical analysis between the two sites. 


At sites 1-27 one sample of the top 20 mm of the substratum was taken for 
analysis of relative soil salinity and organic content. All substratum samples were 
taken at low tide on the same day from an area adjacent to a randomly selected 
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FIGURE 1. Location of study areas and study sites at Towra Point. Sites are dispersed along lines 
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FIGURE 2. Population structure of Ophicardelus ornatus and Salinator solida at site groups 
formed by ISA. Size classes (mm) are as follows: A = 0-1.9, B = 2.0-3.9, C = 4.0-5.9, D = 6.0-7.9, Е = 
8.0-9.9, Е = 10.0-1 1.9, G = 12.0-13.9, Н = 14.0-15.9, 1 = 16.0-17.9, J = 18.0-19.9. 
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quadrat used in sampling the gastropod populations. At each site an estimate of 
percentage vegetative cover within each quadrat was made. The mean of the four 
quadrats was used as the cover estimate for the site. 


Relative soil salinity was determined by suspending oven dried soil (x=14.7 g 
SD=8.2) into a volume of distilled water. Salinity (0/00) was then measured after 
30 minutes using a YSI Model 33 Salinity -Conductivity - Temperature Meter and 
corrected to gL-!. Soil organic content was measured by the loss of mass on ignition 
method (American Public Health Association, 1975). The degree to which each site 
is inundated was estimated by using a technique modified from Black et al., 1979. 
Plaster blocks were made in ice-cube moulds and then glued to small plastic cards, 
of known weight, to reduce the effects of soil moisture. Each block was immersed in 
seawater for 30 minutes prior to the initial weighing, as this was found to provide a 
less variable weight than those oven dried. One block was placed at each site and 
retrieved after 5 days, then each block was re-immersed for 30 minutes and 
reweighed. The resultant weight loss (g) is due to erosion whilst immersed, which is 
caused by a mixture of both tidal inundation and local drainage characteristics. 


As the samples from each quadrat at each site were pooled, a classification 
analysis, indicator species analysis (ISA) (Hill et al., 1975), of the biological data 
was used to group sites with similar pseudospecies composition and identify 
indicator pseudospecies. Sites 1, 2 and 26 were excluded from ISA as both species 
were absent from these sites. These sites were grouped and called group 5, as four 
groups were formed by ISA (see results). 


Linear discriminant analysis was then used to assess the separation with respect 
toa five dimensional environmental space, testing whether the five groups differ on 
all environmental variables simultaneously (Green and Vascotto, 1978). Only sites 
1-27 were included in this analysis as not all the environmental data were collected 
at the other sites. Correlation of the discriminant function co-efficients from the 
first two axes with the environmental variables used in the discriminant analysis 
was used to help clarify the relationships between each environmental variable and 
each axis. 


Data from Kooragang Island were examined by 2 factor analysis of variance 
(Winer, 1971), testing for differences in abundance between the sizes and sites for 
both species and for differences in abundance between species between sites. The 
data were tested for homogeneity of variance (Cochran's test) prior to analysis of 
variance and transformed where appropriate. 


RESULTS 


Four site groups were formed from indicator species analysis. The results 
(Figure 2) show that group | sites are composed mainly of large Salinator solida 
(12.1-18 mm) with a few large Ophicardelus ornatus (710.1 mm) and small to 
medium S. solida (4.1-12 mm). Group 2 sites are dominated by medium to large 
sized S. solida (10.1-14 mm) with medium to large O. ornatus (8.1-14 mm) being 
more abundant than in group 1. Group 3 sites are dominated by О. ornatus, 
particularly the medium to large size classes (6.1-14 mm). Small to medium 55. 
solida are also present. Group 4 sites are also dominated by O. ornatus, individuals 
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of 6.1-10 mm are the most dominant size classes, but 2.1-6 mm are also abundant. 
These sites also have small to medium S. solida (2.1-10 mm) present in abundance 
greater than the other three groups. 


Prior to the linear discriminant analysis a correlation analysis between all the 
environmental variables was performed. This showed that loss of mass on ignition 
to be significantly correlated with relative soil salinity (r = 0.73, P<0.01, df=25). 
Loss of mass on ignition was excluded from the discriminant analysis to maintain 
the assumption that no variables are correlated with one another (Gauch, 1982). A 
summary of the environmental data is shown in Table | and the results of the 
discriminant analysis are given in Table 2 and 3, along with correlations of the 
variable against the discriminant scores. The first two discriminant functions ' 
explain a total of 87.5% of the variance and are shown in Figure 3. The first 
discriminant function was highly correlated with salinity, inundation and distance 
from the shore, whereas the second discriminant function was only correlated with 
cover. This indicates that group | sites have high soil salinity and are found in 
upshore areas. They have the longest periods of inundation, due to poor drainage 
and have sparse cover. Group 2 sites have medium to high soil salinity, generally 
experience less inundation than group | sites, are found mid-shore and have good 
cover. Group 3 sites have low soil salinity, good cover, also have less inundation 
than group | sites and are found mid to low shore. Group 4 sites also showed a 
similar degree of inundation to groups 2 and 3. Those included in the analysis were 
generally found near the shore and had low soil salinity and medium cover. Sites of 
group 5 had low soil salinity, poor cover, were found mid shore and showed the 
lowest degree of inundation of all the groups. Thus these sites provided little shelter 
and a low moisture environment at low tide. 


Analysis of variance of the Kooragang Island data showed that for O. ornatus 
significant differences between sites (In(x*1) transformation) (P <.0001), size (P 
<.0001) and their interaction (P <.0001) existed. A test for differences among 
means using Student Newman Keuls test (SNK) showed all size classes to be more 
abundant at the downshore site than the upshore site (P —.05). In comparison the 
abundances of S. solida showed no difference between sites (In(In(x*2)) 
transformation) (Р 7.05) but was highly significant between the different size 
classes (Р <.0001) and the interaction was highly significant (P <.0001). SNK 
revealed that the size classes 4.1-6 mm, 6.1-8 mm and 8.1-10 mm were significantly 
more abundant (P <.05) downshore and that the size classes 10.1-12 mm, 12.1-14 
mm and 14.1-16 mm were significantly more abundant (P <.05) at the upshore site. 
Analysis of variance of the total abundances between sites and between species 
showed differences between sites (P <.0001), species (P <.0001) and the interaction 
(Р <.0001) to be highly significant. SNK showed that О. ornatus to be much more 
abundant downshore and that there was no significant difference when compared 
to S. solida downshore. S. solida was not significantly different between sites but 
was much more abundant than O. ornatus at the upshore site. 


DISCUSSION 


The pattern that is derived from the results is that small individuals of both 
species are predominantly found in downshore areas with more frequent tidal 
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FIGURE 3. Plot of the first two discriminant functions, explaining 87.5% of the variance. 


inundation and greatest vegetative cover (group 4). These areas provide a relatively 
moist environment and typically have relatively low soil salinity (Clarke and 
Hannon, 1969; Outhred and Buckney, 1983). At the other extreme, areas further 
from the shore receiving irregular inundation and poor drainage (group 1) are 
subject to a much harsher regime of salinity and desiccation. These areas were 
occupied by the larger Salinator solida, with a few large Ophicardelus ornatus 
present. There were also many sites which represent areas where the environmental 
conditions are on a gradient between those of groups 1 and 4. These areas were 
occupied by medium sized S. solida and О. ornatus, group 2 dominated by S. 
solida and group 3 dominated by O. ornatus. As well as these sites there were a 
number of areas which were unpopulated (group 5), these areas have low moisture 
and cover. 


An anomaly in this pattern occurs in sites which are dominated by Juncus 
krausii, which is a sedge plant with thick foliage and usually found in dense stands. 
These sites are high on the shore, irregularly inundated and have high soil organic 
content and much greater vegetative cover than the surrounding saltmarsh habitat. 
This habitat type is typical of group 1 (upshore) sites. However, the Indicator 
Species Analysis places such sites in group 4 (typically downshore sites), as these 
sites are dominated by small O. ornatus. It is probable that this classification occurs 
because these sites provide a moisture-stable and temperature-stable microhabitat 
similar to the downshore sites of group 4. 


Both S. solida and O. ornatus were found in the wetlands of Wellington Point, 
south eastern Queensland by Morgan and Hailstone (1986). The results of this 
study show a pattern for S. solida similar to that found by Morgan and Hailstone 
(1986), but dissimilar for O. ornatus. Both studies found S. solida to be widely 
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TABLE 1. Summary ofthe habitat and environmental data collected for each site group. Asterisks 
indicate site groups with no individuals present. Habitat types follow the classification used by 
Outhred and Buckney (1983). SMla = saltmarsh Sarcocornia, SM2a = saltmarsh Sarcocornia | 
Sporobolus | Suadea, SM3 = saltmarsh Juncus, M 1b = vigorous mangrove forest / scrub and M2b= 
poorly drained mangrove forest / scrub lacking vigour. See Outhred and Buckley fora more detailed 
explanation of habitat types. : 








Grp | Grp 2 Grp 3 Grp 4 Grp 5 
Habitat Type Sites 
SMla 27 459 10 26 
1112 13 
14 30 
SM2a 20 19 31 32 3622 23 12 
24 25 
SM3 78 33 
MIb 21 28 
29 
M2b 15 16 
17 18 








Environmental Data 





X size 

O. ornatus (mm) 12.8 10.8 10.2 77 * 

Std error 0.6 0.4 0.3 0.7 

X size 

S. solida (mm) 13.1 10.8 9.4 7.7 

Std error 0.5 0.3 0.6 0.7 

X inundation (g) 20.2 9.0 8.9 9.1 6.0 
Std error 2.1 1.9 1.5 3.2 2.8 
X distance 

from shore (m) 330 232 140 50 133 
Std error 44.4 21.8 20.7 30.0 16.7 
X cover (%) 48.5 75.0 72.0 63.5 17.7 
Std error 10.6 4.7 9.9 21.5 11.8 
X soil 

salinity (%) 9.5 6.7 2.1 5.0 2.1 
Std error 1.1 1.2 1.0 4.0 1.2 
X organic 

content (%) 34.4 37.6 10.1 21.2 3.6 
Std error 5.7 6.7 3.0 14.2 2.8 





TABLE2. Results of the linear discriminant analysis which compares the five site groups formed by 
ISA with respect to four of the environmental variables measured. 








Discrimant Function I П 
Eigenvalue 2.39 1.06 
% variance explained 60.68 26.77 
r .84 72 
Е 51.34 25.03 
df 16 9 


Significance P<.0001 0<.0003 
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distributed across a number of habitats, with larger individuals predominant in the 
upper shore areas. Our study also found O. ornatus to be relatively widely 
distributed with a size specific zonation pattern, but generally with a preference for 
mid to downshore areas. In contrast Morganand Hailstone showed O. ornatus to 
be located only in upshore areas. The reasons for this difference in zonation are 
unknown. A possible explanation is that in S.E. Queensland, O. ornatus is 
responding to the different vegetation patterns and therefore different microhabitat 
patterns found in this area. Along with this other factors such as biological 
interactions may also influence their downshore distribution. There were 30 species 
of gastropod described by Morgan and Hailstone, whereas only 12 species are 
known in the region of this study (Robinson, Gibbs, van der Velde and Barclay, 
1983). Due to this more diverse epifaunal community there may be a greater chance 
of biological interaction occurring. These interactions may take the form of 
predation or competition for food or space. Price (1980) showed that a similar size 
gradient existed for the saltmarsh ellobiid Melampus bidentatus, as to that found 
for the species in this study. He concluded that the increase in the surface area to 
volume ratio with increasing shell length and the concomitant decrease in the 
relative rate of water loss as a probable cause of this increasing tolerance to 
physiological stress. The differences in zonation between the species in this study 
are, to some extent, probably explained by their different abilities to tolerate 
physiological stress. S. solida is better adapted to cope with desiccation than O. 
ornatus because it has an operculum, allowing it to seal its shell. It is also more 
spherical in shape giving it a more favourable surface area to volume ratio. Because 
O. ornatus is less well adapted it must remain in habitats that are relatively 
temperature and moisture stable or find shelter during critical times of stress. 


In rocky shore intertidal ecology it is generally thought that physical factors 
control zonation in the upper shore areas, whereas biological interactions structure 
the more environmentally benign downshore areas (Underwood and Denly, 1984). 
This is also possibly the case in downshore wetland habitats, as it could be expected 
that physical factors such as desiccation and heat would have less effect on the 
population structure in the moist and well covered downshore areas. The results 
from Towra Point and Kooragang Island support the hypothesis that these 
communities are structured along a physical gradient, but the pattern described by 
Morgan and Hailstone (1986) at Wellington Point for O. ornatus is dissimilar to 
that of Towra Point. This suggests that factors other than just a physical gradient 
based on tidal inundation may affect the distribution of these species. 


TABLE 3. Standardized discriminant function coefficients and correlation coefficients (r in 
parentheses) of the discriminant scores against each variable. (ns = not significant, * = significant at 
0.01, df = 26) 








Variable I П 
Salinity 0.32 (.78)* 0.18 (-.06)ns 
Inundation 0.43 (.78)* -0.48 (.30)ns 
% Cover 0.13 (-.01)ns 0.98 (-.91)* 


Distance 0.67 (.92)* 0.23 (.01)ns 
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Book Review 


Marine Invertebrates of Southern Australia. Part II. Edited by S. А. Shepherd and 
(the late) I. M. Thomas. South Australian Government Printing Division, 
Adelaide. pages 497-900. 


This is the second volume in a series on the Marine Invertebrates of Southern 
Australia. The first volume dealt with a number of phyla. Volume II consists of five 
chapters dealing entirely with molluscs. Both volumes have been well researched 
and are well presented. Volume II will stand on its own for malacologists. One 
small criticism is the lack of a statement in Volume II of what is considered to be 
“southern Australia” for the book. 


It is pleasing to see two poorly known groups — opisthobranchs and 
cephalopods — treated in detail. Robert Burn has been examining southern . 
Australian opisthobranchs for over 30 years. In a major chapter he has drawn 
together a wealth of information on 105 species, many of which are illustrated in 
colour photographs. This represents a major advance in our knowledge of the 
opisthobranch fauna of the area, but Burn estimates that he has covered only a 
fourth of the species which have been collected. In a similar way, the paper on 
cephalopods by Wolfgang Zeidler contributes to our knowledge of a poorly known 
group. 

In contrast N. H. Ludbrook and K. L. Gowlett-Holmes have the unenviable task 
of covering the much better known groups of chitons, bivalves and gastropods. 
With the wealth of species known from southern Australia obviously only a 
portion of the fauna could be included. Every reader will have his or her own 
opinions on what should or should not have been included. I was surprised that 
Campanile symbolicum the important relict species and the only living species of 
Campanilidae was not included. The chapter suffers from the long printing delay, 
which was not the fault of the authors. Only one 1986 paper is cited, so several 
recent papers have not been included. For example the authors use the genus 
Niotha instead of Nassarius and cite a 1972 paper by Cernohorsky, but not his 1984 
revision of nassariids. 


The remaining chapters are an interesting one on molluscan egg masses and 
capsules by B. J. Smith, J. H. Black and S. A. Shepherd and one on planktonic 
molluscs by myself. 


In all Marine Invertebrates of Southern Australia. Part II is a major addition to 
our knowledge of the marine fauna of southern Australia and a must for the library 
of all people interested in molluscs. 


F. E. Wells 
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ABSTRACT 


The shell valve surfaces of the chitons /schnochiton (Ischnoradsia) 
australis, Cryptoplax mystica, Liolophura (Liolophura) gaimardi and 
Onithochiton quercinus are studied by scanning electron microscopy. The 
distribution of aesthete caps is examined in relation to dorsal sculpturing, and 
the formation of these complexes is compared with the arrangement of holes 
which penetrate the ventral surface and eave tissue. The presence of 
specialized aesthetes (ocelli) on Liolophura (L.) gaimardi and О. quercinus 15 
described. The use of aesthete densities as taxonomic indicators, and possible 
functions in relation to species specific environmental conditions are 
discussed. 


INTRODUCTION 


The Polyplacophora are unique among molluscs - having a highly complex shell 
structure penetrated in the tegmentum by numerous aesthete channels. Proximally 
these channels terminate in apical and subsidiary caps, visible under the light 
microscope as circular/oval apertures. Scanning electron microscope (SEM) 
investigations have been conducted on a limited number of species (Boyle, 1976; 
Haas, 1972, 1977; Haas & Kriesten, 1978; Fischer & Renner, 1979; Baxter & Jones, 
1981, 1984: Baxter, Jones & Sturrock, 1987) and have contributed to our 
knowledge of both the function and distribution of these aesthete structures. It is 
clear that the arrangement of apical, and to a lesser degree subsidiary caps is of 
systematic importance. Recent phylogenetic studies (Leloup, 1974; O'Neill, 1985; 
Bullock, 1985) have employed apical cap densities as useful taxonomic indicators. 


This paper presents the first detailed observations of both the gross and the fine 
morphology of the shell valves on four species of Australian chitons: Ischnochiton 
(1.) australis (Sowerby, 1840), Cryptoplax mystica lredale & Hull, 1925; 
Onithochiton quercinus (Gould, 1846) and Liolophura (L.) gaimardi (De 
Blainville, 1825). All species are common inhabitants of the intertidal zone on the 
New South Wales coast, the two former species being largely confined to the 
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bottom of the littoral zone in sheltered areas, and the latter being restricted to open 
surfaces on exposed headlands. The distribution of aesthete complexes is 
examined, and their possible use as taxonomic indicators, and their function in 
relation to habitat are discussed. 


MATERIALS AND METHODS 


Specimens of the chitons /schnochiton (I) australis, Cryptoplax mystica, 
Liolophura (L.) gaimardiand Onithochiton quercinus were collected from rocks in 
the intertidal region at Arrawarra on the mid north coast of New South Wales 
(30910'S, 15020'E). 


After narcotization іп 10% MgC1,, 6H,0 solution in sea-water, the shell valves 
were carefully removed from the animal. Material to be used for light microscopy 
was fixed in 7% formaldehyde solution, washed in distilled water, and decalcified in 
5% disodium ethylenediaminetetraacetic acid (EDTA). Small sections of valve 
were then examined on a Kyowa UNILUX-12 phase contrast microscope. Valves 
forscanning electron microscopy were treated as follows. After washing in distilled 
water, a number of valves were ultrasonically cleaned and air-dried as a control. 
The remaining material was treated with a 595 solution of KOH for 24 hours to 
remove organic material, and then rinsed in distilled water, ultrasonically cleaned 
and air-dried or dehydrated in an alcohol series (Baxter and Jones, 1984). 
Specimens were subsequently mounted with colloidal copper on aluminium stubs, 
sputter-coated with gold, and examined at an accelerating voltage of 20 kV on a 
JOEL Ј5 М35 scanning electron microscope. For line drawings, uneroded valves 
were taken from juvenile individuals also used for SEM studies. These valves were 
mounted on pins and coated with magnesium oxide in order to enhance sculptural 
detail (Bullock, 1985). z 


The species names and systematic classification used in this paper are taken from 
Kaas & Van Belle (1980). The morphological nomenclature and shell valve 
numbering are those of Baxter & Jones (1981). 


RESULTS 
Valve morphology of Ischnochiton (I.) australis (Ischnochitonidae) 


The anterior valve (I) has twenty to thirty irregular ribs diverging towards the 
margin (Fig. 1(a)). The tegmentum is comparatively smooth and the small rounded 
apical caps (mean maximum diameter (тта) 1 1.3um +0.3um, n=38) appear to be 
evenly distributed throughout the shell surface. Associated subsidiary caps are 
much smaller (тта 5.0um + 0.2um, n=28) and are distributed randomly around 
these apical caps. 


Unlike valve (1), the intermediate valves of /.(/.) australis (Fig. I(b)) have distinct 
regions, similar to those shown by Baxter & Jones (1984) for Callochiton achatinus 
(Brown, 1827). The lateral areas have four to six diverging ribs (extending 
throughout a surface without papillae); the median areas in comparison display 
regular rows of slightly raised papillae. Towards the jugum these papillae become 
weak, eventually fusing to leave small concave depressions (approximately 401m 
in length) in the shell surface (Fig. 2). As a result of the distinct variation in gross 
valve morphology, the distribution of apical and subsidiary caps in these areas 
varies considerably (Table I): in the median/jugal areas the occurrence of apical 
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caps is limited to the raised papillae, although some subsidiary caps are located in 
the concave depressions; the shell surface of the lateral area is covered with regular 
rows of subsidiary caps connected by shallow grooves and interspersed with apical 
caps (Fig. 3). The absence of papillae, in this area, results in a much higher density 
of both apical and subsidiary caps. The number of subsidiary caps associated with 
each apical cap, however, appears to remain similar to that for the jugal area. 


The sculpturing on the central area of the posterior valve (VIII) is analogous to 
the jugal region of the intermediate valves (Fig. I(c)). Small flattened papillae fuse, 
leaving a shell surface indented by shallow pits. In this region the apical caps are 
restricted, as in intermediate valves, to the dorsal surface of the raised papillae, and 
are arranged on grooved lines linking adjacent subsidiary caps. Postmucronal, the 
gross sculpturing is similar to that found on the anterior valve. The ribs, however, 
tend to be more irregular and nodulose as a result of growth interruption lines. 
Here the subsidiary caps are evident, and arranged in parallel rows linked by 
shallow grooves. These grooves are interrupted only by growth lines and apical 
caps. 


It is apparent that similarities in the gross structure of the antemucronal area in 
valve (VIII), and the jugal region of intermediate valves, are not reflected in the 
distribution of aesthetes. A comparison of apical and subsidiary cap densities 
(Table I) indicates that shell tissue in the posterior valve is penetrated by 
approximately twice as many aesthete complexes as in intermediate valves. The 
number of subsidiary caps associated with each apical cap does, however, remain 
relatively constant. Although the postmucronal area of valve (VIII) and the 
anterior valve have similar gross sculpturings and the respective apical cap densities 
compare well, the number of subsidiary caps per mm? in valve (VIII) is almost half 
that recorded for valve (I). Consequently the ratio of apical to subsidiary caps is 
smaller. 


The ventral surface is perforated by numerous channels. In valve (1) these 
perforations occur in three distinct areas; along the lateral portion of the posterior 
edge, in the central area (midway between the anterior and posterior edges), and in 
narrow slit rays radiating from the central posterior edge to interruptions between 
adjacent insertion teeth. In this latter class, 20-25 such rays were observed in those 
specimens examined. Between these slit rays in the central area, the 
articulamentum is cancellated with numerous slit-like fissures arranged 
transversely (Fig. 4). This type of structure is not present on the posterior edge. In 
this region channel openings are small, rounded and dispersed randomly. 


The organization of aesthete channel openings on the ventral surface of 
intermediate valves is different to that of the anterior valve. The posterior lateral 
edge is not perforated, and the number of slit rays present is much reduced (24 
occurring on those individuals examined). Additionally, the jugal area is 
penetrated by large numbers of elliptical holes opening onto narrow fissures, which 
often interconnect and extend beyond the jugal area. 


In valve (УШ) the posterior region is not perforated by rounded apertures. With 
this exception, the ventral surface is similar to that of valve (I), with 20-30 slit rays 
diverging from the mucro, and an antemucronal area penetrated by slit fissures. 


In addition to those channels which perforate the ventral surface, many holes 
penetrate the eave tissue along the lateral and anterior edges of valves (I- VII) (Fig. 
5), and throughout the circumference of valve (VIII). These correspond with the 
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growing edges of the different shell valves, and hence the formation of aesthete 
complexes, The development of these aesthete structures can be deduced through 
observations of various stages of construction along the exposed margins. In /. (/.) 
australis (Fig. 6) interruptions on the growing edge to form shallow depressions are 
followed by narrow fissures running to and from this structure. As new material is 
deposited on the periphery of the indentation a large channel is formed and fissures 
linking this to the dorsal surface eventually become encircled, giving rise to apical 
and subsidiary ducts. On the further addition of material to the growing edge the 
channel aperture becomes disposed ventrally, indicating an increase in the width of 
the eave tissue with increasing age. 


Valve morphology of Cryptoplax mystica (Cryptoplacidae) 


The anterior valve exhibits diverging nodulose sculpturing (Fig. I(d)). Apical 
caps are confined to the central region of these nodules where they occur in an 
evenly spaced single row (Fig. 7). The density of these apical caps is low compared 
with the other species studied (Table 1), while the number of indistinct subsidiary 
caps cannot be sufficiently accurately determined. The ratio of subsidiary to apical 
caps is probably rather large, as indicated by the occurrence of subsidiary caps in 
certain internodulose areas and especially on the lateral and anterior edges. 


The jugal area of the intermediate valves is smooth with weak crescentic ribbing 
(Fig. 1(е)). The lateral triangles, in contrast, are distinctly nodulose, with 
longitudinal rows of nodules radiating from the posterior. Apical caps in the jugal 
region are rounded (тта 11.4um + 0.2um, n=22), and like valve (1), occur in low 
numbers (Table 1) and are allied with an undetermined number of indistinct 
subsidiary caps. Apical caps in the lateral triangles are restricted to the large raised 
papillae and do not occur either on the edges or between these structures; hence the 
density of apical caps in these lateral triangles is very low (48 apical caps/ mm?). 


Like the intermediate valves, the posterior valve has a smooth lightly ribbed 
jugal area, while the median areas exhibit a sculpturing of nodulose processes 
arranged in rows radiating from the terminal mucro. The apical caps found in the 
jugal area are elliptical in shape (тта 11.1дт + 0.4 m, n=42), and are more 
numerous on valve (VIII), than in any preceeding valves (Table 1). For the material 
examined, subsidiary caps were distinguishable on the posterior valve surface, 
unlike that for the head and intermediate valves, and were found to occur at a 
density of 868 caps/ mm? givinga ratio of 2.7 subsidiary caps for each apical cap. In 
the median areas, the apical cap density is relatively much reduced resulting from 
their distribution being limited to the dorsal surface of raised oval papillae (Fig. 8). 
Subsidiary caps were again largely concealed; however, some subsidiary caps were 
noted to occur both on the papillae and in the troughs of adjacent papilla in the 
median region. On the ventral surface of valve (1), the insertion plates are thrown 
abruptly forward and flattened. The aritculamentum does possess some apertures, 
antero-posteriorly and deep irregular fissures running anteroposteriorly, however 
slit rays are absent. In comparison, the ventral surface of the intermediate and 
posterior valves is highly perforated (Fig. 9), with numerous channel openings in 
the jugal area becoming fewer towards the posterior edge. These valves also possess 
small crystalline processes in the posterior lateral fields (Fig. 10). The toroid 
Structures do not appear to be apertures, but merely extensions of the 
hypostracum. 
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Dorsal valve sculpturing. a-c, /schnochiton (1.) australis, d-f, Cryptoplax mystica; g-i 


Liolophura (L.) gaimardi, j-1 Onithochiton quercinus. Anterior valve - top, intermediate valve 


-middle, posterior valve - bottom. 


Figure 1. 
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Figure 2. Shell surface of /. (/.) australis in the jugal area, showing the surface sculpture indented by 
shallow concave depressions (Cd), and the distribution of apical (Ac) and subsidiary (Sc) caps. Scale 
bar in micrometres. 

Figure 3. Shell surface of /. (/.) australis in the lateral area, showing parallel rows of subsidiary caps 
(Sc) connected by shallow grooves, and with apical caps (Ac) disposed evenly along these. Scale bar in 
micrometres. 

Figure 4. Ventral surface of the anterior valve of /. (7.) australis in the central area, showing elliptical 
aesthete channels (Ch) opening onto transversely-arranged slit fissures (Sf). Scale bar in micrometres. 
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Figure 5. Intermediate valve of /. (/.) australis showing the distribution of aesthete channel openings 
throughout the eave tissue (Ev), and along slit-rays (Sr) running between adjacent insertion plates (Ip) 
and sutural lamina (SI). Scale bar in micrometres. 


Figure 6. The eave tissue on the lateral edge of an intermediate valve of /. (1.) australis in the region 
of a slit (S), showing megalaesthete channels (Ch) disposed ventrally, and the formation of a new 
aesthete complex, with micraesthete openings (Mi), near the dorsal surface. Duct fissures (Df) 
running to apical (Ac) and subsidiary caps from the aesthete complex eventually become encircled as 
new material is deposited, forming apical and subsidiary channels respectively. Scale bar in 
micrometres. 


Figure 7. Dorsal surface of an anterior valve of C. mystica in the lateral area, showing the 
distribution of apical caps (Ac) along the nodulose ridges (Nr). Scale bar in micrometres. 
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Figure 8. Raised dorsal papillae (Dp) and associated apical caps (Ac) on median area of an 
intermediate valve of C. mystica. Scale bar in micrometres. 


Figure 9. Aesthete channel of openings (Ch) between sutural lamina (51), on the anterior ventral 
region of an intermediate valve of C. mystica. Scale bar in micrometres. 
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Figure 10. Ventral surface of an intermediate valve of C. mystica, showing toroid structures (Ts) 
extending from the hypostracum adjacent to aesthete channel openings (Ch) in the posterior lateral 
area. Scale bar in micrometres. 

Figure 11.  Eave tissue (Ev) on the lateral edge of the posterior valve of C. mystica, showing aesthete 
channel openings (Ch), and the formation of an apical channel (Ap). Scale bar in micrometres. 
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The eave tissues in C. mystica is perforated by aesthete channels in a similar 
fashion to /.(1.) australis, with the openings occurring on the lateral and anterior 
edges of valves (I-VII), and throughout the circumference of valve (VIII) (Fig. 11). 
Additionally, it appears that posterior infoldings on the ventral surface of 
intermediate valves undergo growth accompanying that in the lateral fields. 
Although the shell in this ventral area is not perforated with large holes as in the 
lateral area, the tissue is a continuum with the dorsal surface and shows clearly 
marked growth check lines on the non-papilliate surface. In valve (VIII) the eave 
tissue at the anterior edge does not seem to be associated with many aesthete 
channels, especially when related to the high number of apical caps on the dorsal 
jugal area. The aesthetes in this area cannot therefore be formed in the manner 
described for /. (/.) australis, and must be unbranched systems formed by fissures 
running dorso-ventrally throughout the four shell layers. 


Valve morphology of Liolophura (L.) gaimardi (Chitonidae) 


The sculpturing on all valves (Fig. l(g-i)) displays concentric rows of raised 
papillae, becoming more pronounced towards the margins. In valve (I) a regular 
grid pattern of subsidiary caps (mmd 3.4um + 0.3um, n=25) is evident over the 
entire dorsal surface, where it is uneroded (Fig. 12), at a density of 7247 subsidiary 
caps per mm?. In comparison, apical caps (тта 8.3um + 0.1 и m, n=28) are 
restricted to the central area of the raised papillae with a density of 257 caps per 
mm?, indicating that a relatively large average number (28) of subsidiary caps are in 
association with each individual apical cap. 


The jugal area of the intermediate valves is sculptured, ata microscopic level, by 
a series of shallow grooves connecting adjacent subsidiary caps. These longitudinal 
grooves are continuous throughout the antero-posteriorly aligned nodes, 
intersected only by growth check lines and apical caps. The latter occur in 
transverse rows through the apex of the raised papillae. The lateral triangle is 
similarly arranged (Fig. 13); however, unlike the jugal area the grooves run 
transversely. 


On the posterior valve, the concave postmucronal slope is generally largely 
eroded and hence sculpturing and the distribution of apical and subsidiary caps in 
this area is undetermined. In the antemucronal area, the nodulose ridges are 
rectangular in shape (Fig. 14), and subsidiary caps are arranged in a manner similar 
to that of valve (I). Likewise the apical caps are situated at subsidiary cap grid 
junctions, disposed in lateral rows extending through the apex of the raised 


papillae. 


The valves of L. (L.) gaimardi also possess ocelli type structures similar to those 
described for Schizochiton incisus (Sowerby, 1841) by Moseley (1885). These 
ocelli appear as large (тта 64.7 um + 3.4um, n-27) convex circular structures (Fig. 
15) and are highly refractive when viewed at the light microscopic level. When 
decalcified they appear to be embedded in ovaloid regions of pigmented tissue 
(approximately 100um diameter); their distribution varies between valves. They 
are particularly numerous on valve (l) occurring, in no apparent pattern, 
throughout the frontal margin. In proceeding shell valves, they are similarly 
disposed anteriorly towards the non-eroded growing edge. 


Sculpturing of the ventral surface is limited. In valve (1), 9-11 crenulate insertion 
plates are arranged along the anterior and lateral edges. The surface is smooth and 
slit rays are absent. By comparison intermediate valves exhibit one pair of slit rays 
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originating from the central posterior edge and terminating at a notch between the 
anterior sutural lamina and lateral insertion plate. The eave tissue in valves (I-VIT) 
is penetrated by aesthete channels on the anterior and lateral margins. In contrast 
valve (VIII) has an additional field of channel openings at the posterior. These are 
disposed ventrally and are consistent with an infolding of the growing edge. 
Elsewhere, the ventral surface is smooth and unsculptured. 


Valve morphology of Onithochiton quercinus (Chitonidae) 


The anterior valve is sculptured with 8 or 9 radial rows of ocelli separated by a 
series of crescentic sulsi giving an appearance of imbricating flattened broad scales 
(Fig. 1(j). The ocelli (Fig. 16) are circular in shape (mmd 45.2um x 0.5um, n-32), 
with a characteristic elliptical cap (approximately 5um diameter) disposed towards 
the lateral edge. The number of these structures present was generally found to 
increase with shell size, even though a number are lost in older individuals by 
erosion. Subsidiary caps are very numerous and are arranged in lines connected by 
shallow grooves. The apical caps are disposed along these lines at regular intervals 
but are limited in proximity to ocelli. Large numbers of subsidiary caps are present 
immediately adjacent to the ocelli; apical caps however, although surrounding 
individual ocelli, do not occur within a 45um (approximately) radius of the ocelli 
centre. 


On the intermediate valves, the lateral areas are slightly raised and transected by 
diagonal ribs consisting of weak semi-nodulose structures. Longitudinal, wavy, 
closely set riblets cover the median areas, becoming weak towards the jugum (Fig. 
I(k)). Apical caps in the central zone are not restricted to the apex of the 
longitudinal riblets, but are occasionally found in the troughs between these ribs 
(Fig. 17). These apical caps are circular (тта 9.4um + 0.1m, n = 35) and much 
larger than the associated elliptical subsidiary caps (тта 4.7um + 0.2 шт, n=40). 
Comparing the densities of these structures between the median and lateral areas 
(Table 1), it is apparent that in the former twice as many subsidiary caps are 
associated with each apical cap. This is largely a result of the greater number of 
apical caps in the lateral triangle which itself is probably due to a lack of 
pronounced valve sculpturing in this area. The presence of ocelli in the lateral 
triangle, therefore, does not appear to appreciably limit the distribution of apical 
caps. Ocelli are disposed in longitudinal rows radiating from the posterior jugal 
area, and aligned on the tegmentum in a manner corresponding to the position of 
the notches between insertion plates and sutural lamina in the articulamentum. 


In the posterior valve, the mucro is depressed and terminal, and the sculpturing 
is similar to that of valves (II-VII) (Fig. 1(1)). This is reflected in the limited 
distribution of apical caps in the jugal and median areas (Table 1). Ocelli are 
infrequent and arranged in a lateral row along the mucronal ridge. н 


The ventral surface in all valves is rugose and unpolished with no slit rays 
apparent. In valve (1) the anterior margin is interrupted by 9 crenulate insertion 
plates. The adjacent eave tissue is perforated by large aesthete channels, however 
these do not extend to the ventral surface. In comparison the ventral surface of 
valves (I-VIII) are penetrated in the jugal area by large numbers of slit-like fissures 
resembling those found in /. (/.) australis. These valves are also perforated on the 
frontal and lateral edges between the tegmentum and articulamentum, and 
additionally in valve (VIII) on the posterior edge. Here, the growing edge is 
ventrally located, and hence aesthete channels open towards the anterior. 
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Figure 12. Anterior valve sculpturing in the lateral area of L. (L.) gaimardi, showing the ordered 
arrangement of subsidiary caps (Sc), and the distribution of apical caps (Ac) strictly limited to the 
central region of the raised nodules. Scale bar in micrometres. 


Figure 13. Intermediate valve of L. (L.) gaimardi, showing the distribution of apical (Ac) and 
subsidiary caps (Sc) on the lateral margin (Lm) of the lateral triangle. Scale bar in micrometres. 
Figure 14. Posterior valve of L. (L.) gaimardi in the antemucronal area, showing a dorsal 
sculpturing of nodulose ridges (Nr), and associated distribution of apical (Ac) and subsidiary caps 
(Sc). Scale bar in micrometres. 
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Ng 
Figure 15. Dorsal surface of L. (L.) gaimardi near the frontal margin of an anterior valve, showing 
convex circular ocelli (Oc), and associated apical (Ac) and subsidiary caps (Sc). Scale bar in 
micrometres. 
Figure 16. Dorsal surface of O. quercinus near the frontal margin of an anterior valve, showing a 
smooth convex ocellus (Oc) with its characteristic elliptical cap (Ec), surrounded by subsidiary (Sc) 
and apical caps (Ac). Scale bar in micrometres. 
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Figure 17. Intermediate valve of О. quercinus in the median area, showing the distribution of apical 
(Ac) and subsidiary caps (Sc) throughout the ribbed tegmentum. Scale bar in micrometres. 


Figure 18. Apical cap on an intermediate valve of C. mystica treated with KOH to remove 
periostracum (Pe), revealing a perforated matrix beneath. Scale bar in micrometres. 
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Apical and subsidiary cap structure 


The fine structure of the apical cap in all four species is similar. Each with a thin 
organic layer (or periostracum) covering the external surface. In older shell valves 
this layer is often partially or wholly absent revealing a honeycomb matrix beneath. 
When treated with KOH the apical caps are found to be perforated in ап area that 
extends to the lateral regions of the cap (Fig. 18). These pores have a diameter of 
150-200 nm and are separated by narrow spars (approximately 100 nm long). 


The subsidiary caps in comparison were found to be unperforated, even after 
treatment with KOH. 


DISCUSSION 


Within a species the densities of both apical and subsidiary caps were found to 
vary not only between valves, but also between specific regions on valves. Baxter 
and Jones (1981) found that the shell valves of Lepidochitona cinereus (Linnaeus, 
1767) were perforated by three distinct types of aesthete channels which might 
account for these differences. However, it appears that in the species examined in 
the present study, the variation in density is largely due to the dorsal valve 
sculpturing rather than aesthete channel differentiation. 


Bullock (1985) suggested that apparent differences in aesthete cap density in the 
Stenoplax limaciformis (Sowerby, 1832) species complex, showed promise for 
phylogenetic studies. At present, the identification of a chiton species requires a 
combination of taxonomic characters including the number of slits on the insertion 
plates, the size, number and shape of girdle scales or spicules, and the radular 
structure (Iredale & Hull, 1927). The large number of taxonomic characters is 
necessary because of their considerable variability, both within and between 
populations. The use of cap densities as an additional taxonomic indicator would 
be advantageous if such a feature could improve consistency in taxonomic 
separations. As a result ofthe variation in cap densities between specific regions on 
individual shell valves, it is important that only cap densities from a given area of 
the shell valve be compared. Observations for the four species studied suggest that 
there is little intraspecific variation in density between posterior jugal areas of 
intermediate valves, where uneroded. If this proves consistent for other species of 
chitons, cap densities in posterior jugal areas could be an additional taxonomic 
character. 


The classifications presented in Iredale & Hull (1927) and Kass & Van Belle 
(1980) consider Lepidopleuridae one of the most primitive families of the class 
Polyplacophora, Ischnochitonidae and Chitonidae as more advanced forms, and 
Acanthochitonidae and Cryptoplacidae as the most ‘specialized’ of the chiton 
families. Averages of cap densities for the total shell surface observed on each 
particular species in this study tentatively indicate a relationship between the 
phylogenetic status and the density of apical and subsidiary caps. C. mystica, 
belonging to the phylogenetically higher family of Cryptoplacidae, has a low 
average number (approximately 135/ mm?) of apical caps. In contrast, the more 
‘primitive’ /. (7.) australis (Ischnochitonidae) has a much higher complement of 
apical caps (approximately 410/ mm?), whereas L. (L.) gaimardi and O. quercinus 
(both Chitonidae) have intermediate apical cap densities (approximately 172 and 
349 / mm? respectively). However, data for the jugal area of an intermediate valve 
of C. achatinus (Ischnochitonidae) presented by Baxter and Jones (1984), givingan 
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apical cap density of 112/ mm?, does not agree with the assumption that ‘higher’ 
families have smaller numbers of apical caps. Similarly, apical cap densities 
presented by Boyle (1974) for L. cinereus (Ischnochitonidae) indicate that low 
densities of apical caps occur in species belonging to more ‘primitive’ families. 
Subsidiary cap densities, likewise, do not reveal any phylogenetic trends. Further, 
examination of the apical/subsidiary cap ratios indicates extreme variation even 
within a family, for example valves (1) of the Chitonidae species L. (L.) gaimardi 
and Onithochiton quercinus have ratios of 1:28.0 and 1:17.1 respectively, whereas 
those of Onithochiton neglectus (Rochbrune, 1881) have approximately 1:7 
(Boyle, 1976). Results recorded from the median areas of intermediate valves by 
Fischer & Renner (1979) give ratios of 1:13, 1:8 and 1:1-7 for Chiton olivaceus 
(Spengler) (Ischnochitonidae), Lepidopleurus cajetanus (Poli)(Lepidopleuridae), 
and Acanthochitona fascicularis (L.) (Acanthochitonidae), 
respectively. Hence the ratio of numbers of apical caps to subsidiary caps appears 
to be unrelated to the phylogenetic status of families (in the current classification 
systems), as are apical and subsidiary cap densities, and therefore it would appear 
unlikely that cap densities reflect evolutionary trends in Polyplacophora. 


Although the function of aesthetes is far from clear, the periostracum secreting 
function proposed by Baxter et al. (1987) must be considered as one possibility. An 
erosion reducing secretion would certainly be advantageous to L (L.) gaimardi and 
O. quercinus, both of which are subject to considerable abrasion, unlike I. (7.) 
australis and C. mystica. Hence, the increased cap densities observed inthe former 
species may reflect an evolutionary response to increased wave action. 


Alternatively, aesthetes or specific aesthetes may function as photoreceptors. /. 
(1.) australis like Chiton tuberculatus (L.), (Arey & Crozier, 1919), shows a 
pronounced photonegative reaction to directed light (personal observations). In 
the field, 7. (/.) australis is confined to gaps on the underside of large boulders 
during the day, becoming active and browsing at night. Hence, the behaviour 
pattern in this species may be largely determined by the aesthetes. C. mystica like I. 
(1.) australis is found on the underside of boulders, and does not display an obvious 
feeding cycle. L. (L.) gaimardi and O. quercinus in comparison are found on 
exposed open surfaces during the day, and like /.(/.) australis, exhibit a diurnal 
feeding cycle. Therefore, like /. (1.) australis, the cessation of daylight and hence 
stimulation of the aesthetes or ocelli (in L. (L.) gaimardi and О. quercinus), may act 
as a cue for nocturnal feeding excursions. I suggest that, in addition, the possible 
ability of a chiton to determine seasonal changes in day/night length by the 
aesthetes, may indicate that an important function of the aesthetes is to control 
gametogenesis. Photoperiod control of growth of gonads has been demonstrated 
in several species of sea stars, including Pisaster ochraceus (Brandt) by Pearse and 
Eernisse (1982) and Asterias vulgaris Verrill, by Pearse and Walker ( 1986). To date 
no such photoperiod experiments have been conducted with chitons, although 
Himmelman (1975) has considered photoperiod as a possible stimulus for 
spawning. 
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ABSTRACT 


The movement and natural mortality of juvenile Haliotis scalaris and 
Haliotis laevigata aged | to 3 years were examined ina grid experiment of the 
Beinssen-Powell design set up on a boulder slope at West Island, South 
Australia. The mean rate of movement of H. scalaris was 0.8 m mth-! and the 
maximum recorded was 7 m mth-!; the respective rates for H. laevigata were a 
mean of 0.5 m mth-! and a maximum of 1.2 m mth-!. Movement of H. 
scalaris was independent of age and did not vary seasonally. Both species 
moved directionally east or west, parallel to the shore-line, but there was no 
significant preference for either direction. 


Natural mortality plus tag disappearance rate was 1.1 (s.e. 0.2) for H. 
scalaris and 1.5 (s.e. 0.3) for H. scalaris and H. laevigata combined; these are 
equivalent to annual survivals of 34% and 23% respectively. Diver efficiency 
at finding marked individuals was 0.70 for H. scalaris and 0.84 for H. scalaris 
and H. laevigata combined. 


INTRODUCTION 


An understanding of recruitment variability is a central problem in the dynamics 
of exploited abalone populations. Studies of settlement of abalone (Shepherd & 
Turner 1985, Shepherd ег al. 1985, 1988) have shown high variability between years 
in settlement strength but there is fundamental uncertainty whether subsequent 
recruitment of abalone to the fishery is determined primarily by settlement strength 
or by a variable juvenile mortality. Because abalone are mobile, experiments 
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designed to measure their natural mortality must take into account the movement 
of juveniles. 


This paper describes a pilot experiment to measure simultaneously the 
movement and natural mortality rate of cryptic juvenile abalone in a boulder 
habitat where juveniles are accessible only by overturning the boulders. The study 
was carried out at West Island, South Australia (35° 37’ S; 138° 35’ E) where long 
term studies on the dynamics of abalone populations are in progress. Two species 
of abalone occur in this habitat: Haliotis laevigata Donovan an exploited species 
and Haliotis scalaris Leach a small non-commercial species. 


The experimental design of Beinssen & Powell (1979) was modified and used to 
measure the movement and natural mortality of marked individuals. 


METHODS AND MATERIALS 


Field 

The north shore of West Island is a slope covered by rounded boulders of 30-40 
cm greater diameter and 20-30 cm lesser diameter. The study site extends for about 
60 m along the shore and is bounded on the seaward side by bare sand and seagrass 
beds. Unsuitable habitat prevents the movement of abalone out of the study site at 
each end. 


A chain grid measuring 9 m x 4 m and divided internally at | m intervals was 
placed among the boulders at 4-5 m depth (Fig 1). On four occasions the ten 
central squares in the grid were searched and juvenile H. scalaris and H. laevigata 
between 15 and 40 mm length were taken to the surface and marked with plastic 
numbered tags glued to the spire of the shell with cyanoacrylate (superglue). Due to 
poor recruitment very few H. laevigata were found for marking after the first 
release. Marked individuals were held overnight on the seabed in containers in 
order to detect tagging mortality and then replaced in the grid in one of the 3 
categories of replacement squares and the square of replacement noted. Care was 
taken not to artificially increase the density of abalone naturally present (see 
Shepherd 1986). On the date of each release and on 2 occasions 3-4 months after 
the final release the grid was searched for marked abalone and the number of the 
Square occupied by a marked individual was noted. Subsequently on 5 occasions 
until September 1988 stratified random searches for marked individuals (involving 
a total of 25 hours searching time) were conducted throughout the whole study site 
over 60 m of shore-line in order to obtain additional data on movement. 


Analysis 

The net movement and direction of marked individuals within the grid were 
calculated by using Pythagorean geometry. The frequency of angular data in each 
of four quadrants of the circle was counted and a x? test used to determine whether 
observed frequencies differed significantly from those expected under randomness. 
Mean vectors, axes, confidence intervals and other circular statistics were 
calculated with formulae given by Batschelet (1981). The marked abalone were 
aged in accordance with age-length curves given by Shepherd (1988) and Shepherd 
et al. (1988). 


The survival of marked abalone in the grid was calculated according to the 
method of Beinssen & Powell (1979) where the reader is referred for more detail. 


Southern Australian abalone 89 


Briefly, the method uses the movement of abalone recorded within the grid during 
the study to estimate the proportion of marked abalone that do not move outside 
the grid, and this value is used to weight p given below. In this study (see Fig. 1) 
there were 18 possible types of movement, k, of abalone (up to 6 squares east or 
west and 2 squares north or south) within the grid from the 3 kinds of release 
square, that did not take an abalone out of the grid. The probability, p, of 
recapture of a marked abalone in the grid is given by the formula: 


ES Cx Nk 
k=] P 





р 


when Nk is the number of movements of type К, Рк is the probability of a 
movement of type k and 


ق 

Ск= 3 

> njAjk 

j=l 
Here nj is the number of marked abalone released іп the jth square, and Ajk is the 
fraction of movements not taking the abalone out of the grid. Beinssen and Powell 
(1979) assumed that > Px=1 i.e. that there were no other types of movement other 
than those observed in the grid. In this study there were data on the movement of 
abalone well beyond the boundaries of the grid that enabled us to give estimates of 
> Px for each release (see results). 


The probability of recapture of abalone from each of the four releases was 
calculated on the assumptions that : 


(1) abalone would not move out of the grid in a northerly direction onto sandy 
bottom, and 


(2) abalone would not move ina southerly direction out of the grid. This is shallow 
water habitat where these abalone species are not found. 


A formula for the calculation of the variance of p is given by Beinssen & Powell 
(1979). Where there are several releases Beinssen & Powell (1979) showed that: 


In p = In (xix) - Xt 


where t is the period at liberty, x, is the probability that an abalone is not lost by 
tagging mortality and x, is the efficiency of the diver in finding marked abalone. А 
regression of In p against t gives a straight line of slope -X which is the coefficient of 
reduction of marked abalone from natural mortality and loss of marks. The y 
intercept is the natural logarithm of хх». 


RESULTS 


Movement rate 
Inall 111 H. scalaris and 25 H. laevigata were released in the grid and there were 
81 subsequent sightings with periods at liberty ranging from 3 to 13 months. 


First we examined whether there was a difference in the rate of movement of H. 
scalaris by age. There were 14 sightings of individuals aged I+ years, 15 sightings of 
those aged 2+ years and 6 sightings of those aged 3+ years. The null hypothesis that 
the frequency distribution of movement rates did not differ between age classes was 
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tested and accepted (x? = 0.27; p>0.05 n.s.). Next we examined whether there were 
seasonal differences in the movement rate of H. scalaris. For vthis analysis we 
compared two 6-month periods (5 Nov - 5 June and 5 June - 5 Nov) which 
correspond roughly with the warm and cool periods of the year, with 23 and 15 
data points respectively available for comparison. The mean movement rate was 
0.65 m mth-! in the former period and 0.41 m mth-! in the latter; they did not differ 
significantly (t = 1.06; p>0.05 n.s.). 


Frequency distributions of net distances moved by marked H. scalaris for 
varying periods at liberty are shown in Fig. 2. The median distance moved ranges 
from 1.5 m after 3 months to 3.5 m after 12 months; the mean distances moved 
range from 2.5 m to 4.2 m for the same periods of time. The maximum distance 
moved was 22 m. The number of recoveries declines sharply with time due to 
dispersion and mortality of marked abalone. 


Data on movement rates of H. laevigata were too few for analysis in the same 
way as for H. scalaris. However, the mean distance moved was 0.50 m mth-! (s.e. 
0.11 m) for 15 individuals and the maximum distance moved was 4 m. Frequency 
distributions of the movement rates for all data available for both species were 
compared and found not to be significantly different (x? = 5.4; p>0.2) from each 
other. 


Direction of movement 

The net direction of movement of 36 H. scalaris and 15 Н. laevigata is shown in 
Fig. 3. Most individuals moved either east or west along the longitudinal grid axis, 
thus showing bimodality in direction. The angles were accordingly doubled and the 
Rayleigh statistic used to test the null hypothesis that direction was random. The 
mean vectors (г) were 0.59 for H. scalaris and 0.47 for H. laevigata and the null 
hypotheses rejected in each case (P<0.001 and P<0.03 respectively). The mean 
axes (ф) were 7.4° for Н. scalaris and 4.20 for Н. laevigata (Fig 3) deviation from the 
longitudinal axis (i.e. parallel to shore) and the 95% confidence angles were 239 and 
49° respectively. Because these angles include the direction of the longitudinal axis 
it was concluded that the mean direction of movement of both species did not differ 
significantly from that of the longitudinal axis. Fifteen H. scalaris moved in an 
easterly direction along this axis (+/-45°) and 18 inthe opposite westerly direction; 
for H. laevigata the figures were 6 and 7 respectively. These numbers did not differ 
significantly from the expectation of equality of numbers moving in each opposing 
sector (x? = 0.03 and 0.08; n.s.) and it was concluded that there was no significant 
trend for either species to move either east or west. 


Natural mortality and diver efficiency 

Details of the numbers and species of marked abalone released in the grid, the 
number of recaptures, the period at liberty, values of S= Px, and the calculated 
values of p are given in Table 1. Values of = Рк, the probability that marked 
abalone do not move out of the grid, were calculated directly for each release from 
the movement data summarised in Fig. 2. For example, > Pk for the 4th release of 
H. scalaris was 39/40, because only one marked abalone moved from a release 
square right out of the grid. Plots of p against time are shown in Fig. 4. The 
regression In p against time gave a value of 1.08 (s.e. 0.19) for the natural mortality 
plus tag shedding rate of H. scalaris, and 1.48 (s.e. 0.27) for H. scalaris and H. 
laevigata combined, (there being insufficient data to calculate a mortality rate for 
H. laevigata alone). These values are equivalent to an annual survival of 34% and 
23% respectively if no tags were shed. A pilot experiment to estimate the tag 
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shedding rate (a return of 10 double tags) showed no loss of tags. However, 2 
individuals at liberty for a year were found with the tag overgrown with bryozoans. 
Hence an experiment is needed to estimate the rate of disappearance of tags from 
fouling. 


TABLE 1 - Release Recapture Data for 4 releases in the Grid; p is the probability of recapture. 








NUMBER OF RELEASES NUMBER OF RECAPTURES 
Days at Н. scalaris H. scalaris 
Release Date Haliotis Haliotis Haliotis Haliotis liberty апан. laevigata 
scalaris laevigata scalaris laevigata PS p (ѕ.е.)> P, p (s.e.) 
1 5.11.86 15 14 2 2 375 0.83 0.21 (0.09) 0.89 0.18 (0.04) 
2 5. 2.87 28 5 7 1 283 0.90 0.34 (0.03) 0.92 0.30 (0.03) 
3 2. 6.87 25 1 8 0 166 0.90 0.39 (0.03) 0.94 0.36 (0.04) 
4 4. 8.87 42 2 14 2 103 0.98 0.52 (0.02) 0.98 0.61 (0.03) 








The y-intercept for H. scalaris was 0.70 and for both species 0.84. These 
represent the product of x,, the tagging mortality and x, the efficiency of divers at 
finding marked abalone. Tagging mortality is not known but is thought to be low. 
The retention of marked animals overnight in a cage on the seabed before 
placement in the grid enabled us to examine and discard animals only feebly 
attached to the substratum (usually 5-10%). The location of replacement in the grid 
was re-examined within a month for empty tagged shells. Only two were 
discovered, so we provisionally estimate tagging mortality as 2/136 i.e. 1.5%. 
Hence diver efficiency, x, is 0.71 for H. scalaris and 0.85 for both species. However, 
the final census when tagged animals were recovered was carried out on 2 
occasions. On'the first occasion there were 25 recaptures and on the second there 
were a further 11 recaptures. This indicates that diver efficiency per search is less, 
and if all marked abalone in the grid were recaptured, would be 50% and 59% 
respectively per search. 


DISCUSSION 


The Beinssen-Powell experimental design is an ingenious way of measuring 
simultaneously the mobility and natural mortality of a sedentary animal. The 
successful outcome of the experiment depends on the correct choice of scale of the 
grid according to the pattern and extent of movement that occurs. The method 
assumes that net movement is random and consistent over time, although 
departures from these assumptions could be incorporated in the model. This study 
establishes the applicability of the method to juvenile abalone and provides useful 
information on their long-term dispersal and natural mortality; it also provides 
estimates of diver efficiency which are useful in designing further experiments to 
measure natural mortality. 


There are no other known published studies on the movement of juvenile 
abalone. However, Clavier & Richard (1985)recorded a general off-shore 
movement of juvenile abalone which settled close to shore. In addition, some 
incidental information on juvenile dispersal is to be found in studies of the release 
into the wild of hatchery-reared seed (Tegner & Butler 1985, Ebert & Ebert 1988). 
Both studies recorded dispersal of a similar scale to that described here. 
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Figure 3: Net direction of movement of H. scalaris and H. laevigata in the grid. The mean axes of 
deviation from the longitudinal (east-west axis) of the grid are shown for both species. 
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Figure 4: Plot of In p against number of days at liberty, with linear regressions for H. scalaris and 
both species combined. 
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This study has not taken into account the effect of disturbance on the movement 
of juveniles. It is possible that disturbance from divers overturning boulders during 
searches, despite the care that was taken, increases movement and even mortality. 
Clavier & Richard (1985) experimentally compared the effect of strong and weak 
habitat disturbance on the movement of Haliotis tuberculata. They reported no 
significant difference in distance moved between the two treatments (after 
excluding those that did not move in either treatment). However, re-examination 
of their data showed that significantly more individuals moved when the habitat 
was strongly disturbed (x; = 25.5, P <0.001). For this test we compared the 
frequency distribution for movement of each treatment. Thus it is likely that 
disturbance will induce some initial movement, if not movement over greater 
distances. 


The survival rates recorded here are of limited value for two reasons. First, there 
are relatively few recoveries, and secondly the estimates of = Px may be subject to 
some bias. Because more time was spent searching in the grid than outside it, it is 
possible that we may have under-estimated the numbers which moved out of the 
grid altogether. The bias caused by this under-estimate means that the estimate of 
the natural mortality rate may be too high. A larger plot size would reduce this bias, 
but there are obvious practical limitations on the size of the plot that can be used. 


The only other known study of juvenile abalone survival among wild stocks is 
that of Day & Leorke (1986). In studies of H. rubra they recorded about 50% 
survival a year for individuals 20-40 mm long and about 33% survival for those 
over 40 mm. However, there are numerous studies of the survival of abalone seed 
transplants onto natural reefs. These show survival rates of between 20 and 50% a 
year (Momma et al. 1980, Kojima 1981, Miyamoto et al. 1982, Saito 1984, Tegner 
& Butler 1985). The values recorded in this paper are in the same range as other 
studies and tend to confirm the picture that only a small percentage of newly settled 
abalone will survive the juvenile phase of the life history. The estimates of diver 
efficiency are similar to those found by Clavier & Richard (1985) and are useful in 
independent experiments to measure survival that depend on the diver measuring 
changes in density of juvenile abalone over time. 
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Cristilabrum kessneri, a new camaenid land snail from 
the Jeremiah Hills, Western Australia 
(Mollusca: Pulmonata: Camaenidae) 


Alan Solem 
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Roosevelt Road & Lake Shore Drive 
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ABSTRACT 


Cristilabrum kessneri, new species, is described from a small set of 
limestone hillocks on the eastern fringe of the Jeremiah Hills. They are 
situated 6.2 km west of Point Spring, Weaber Ranges and about 42km 
north-northeast of Kununurra, Kimberley, Western Australia. C. 
kessneri has the most modified shell of any species belonging to the 
Ningbing Range-Jeremiah Hills camaenid land snail radiation. Its 
genitalia also has modifications that correlate with the small size of both 
the shell and the limestone hillocks on which it lives. 


INTRODUCTION 


The extraordinary radiation of camaenid land snails that live on the 
limestone hills of the Ningbing Ranges and Jeremiah Hills in the northeast 
corner of the Kimberley District, Western Australia have been described 
(Solem, 1981, 1985, 1988a) and biogeographically analyzed (Solem, 1988b) in 
a series of reports. Three restricted endemic genera, Ningbingia Solem, 1981, 
Turgenitubulus Solem, 1981, and Cristilabrum Solem, 1981 have radiated to 
produce more than 27 endemic species level taxa, all of which have very small 
species ranges. There is one additional restricted endemic camaenid species, 
Ordtrachia elegans Solem, 1988, that belongs to an East Kimberley-Northern 
Territory border area genus with four other species (Solem, 1984: 647-670). 


Discovery by Vince Kessner of the species described below is clear evidence 
that the full extent of this radiation remains to be determined. Many small and 
isolated limestone hills have not been visited by malacologists. It is probable 
that several more new taxa await discovery and description. - 
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SYSTEMATIC REVIEW 


Genus Cristilabrum Solem, 1981 

The genus Cristilabrum has a partly disjunct range, with a few taxa in the 
Central Ningbing Ranges, several in the South Ningbing Ranges, and thena 
few species that range southeast through the Jeremiah Hills (Solem, 1988b: 
103, maps 15, 25). Eleven described, and one undescribed, species were known 
previously (Solem, 1981, 1985, 1988a, 1988b: 84, table 4). Cristilabrum 
kessneri extends the genericrange only a few hundred metres to the northeast. 
It occupies the last outlier of exposed limestone before the sandstone masses of 
the Weaber Ranges. 


Cristilabrum kessneri, new species 
(Plates 1-2; Figures 1-5) 


Comparative remarks 

Cristilabrum kessneri, new species, from easternmost outliers of the 
Jeremiah Hills, is the smallest (mean diameter 12.50 mm) known species of the 
Ningbing radiation, with a reduced whorl count (Fig. 1, mean 45/8+), very low 
spire (Fig. 2, mean H/D ratio 0.353), wide umbilicus (Fig. 3, mean D/U ratio 
4.43), very prominent and partly anastomosing radial sculpture (Figs 1-3) that 
increases in height upon crossing the protruded peripheral keel (Fig. 2), and 
the parietal lip, in full adults, is continuous and free of the parietal wall. 
Ordtrachia elegans Solem, 1988, from a larger limestone mass located a few 
hundred metres to the southwest, is slightly larger (mean diameter 13.20 mm), 
with a higher whorl count (mean 5 1/8+), elevated spire (Solem, 19882: 48, fig. 
13, mean H/D ratio 0.509), sculpture of prominent pustules (Solem, 1988a: 56, 
plate Ic-d) rather than radial ribs, and a narrower protruded keel. The only 
other keeled species in this radiation, Turgenitubulus pagodula Solem (1985: 
957-959, figs 246d-f, 248a-d), from the Gorge, Central Ningbing Ranges, has 
the same basic shape, sculpture, and protruded keel, but is much larger (mean 
diameter 16.83 mm), with more whorls (mean 5 | /8-), higherspire(mean H/ D 
ratio 0.507), much narrower umbilicus (mean D/U ratio 5.78), and the parietal 
lip is not free of the parietal wall. Species of the sinumelonid genus Pleuroxia 
Ancey, 1887, from the Red Centre, Flinders Ranges, and Nullarbor region are 
convergent in shape and sculpture, but most species have a microsculpture of 
dense pustules between the radial ribs and lack the peripheral keel. 
Anatomically, the long penis, (P, Fig. 4), basal entry of the vas deferens (VD) 
into the penis sheath (PS), and generalized wall sculpture ofthe penis chamber 
(Fig. 5) agree more with the South Ningbing species (Solem, 1981: 400-410, 
figs 101-105) than with the Jeremiah Hills taxa (Solem, 1981:411-416, fig. 106; 
Solem, 1985: 965-975, figs 254-256) or central Ningbing taxa (Solem, 1988a: 
figs 26-28), which show altered penial structures. C. kessneri is most easily 
distinguished by the proportionate elongation of its albumen gland (GG) and 
great shortening of the prostate-uterus (DG, UT). 


Holotype 


Western Australian Museum 654.87, limestone hillocks 6.2 km W of Point 
Spring, Weaber Range, northeast of Kununurra, Western Australia. 15° 23° 
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PLATE 1. Shell sculpture of Cristilabrum kessneri. 6.2 km W of Point Springs, Weaber Ranges, 
NE of Kununurra, Western Australia. FMNH 205957: (a) apex and spire at 34.5X; (b) ribs on 
lower spire at 86X. 


100 A. Solem 








PLATE 2. Radula and jaw of Cristilabrum kessneri. 6.2 km W of Point Springs, Weaber 
Ranges, NE of Kununurra, Western Australia. FMNH 205956: (a) central through lateral field, 
Dissection A, at 465X; (b) central and first laterals, Dissection B, at 890X; (c) jaw, Dissection B, 
at 86X; (d) detail of lateromarginal transition, Dissection A, at 940X; (e) mid-marginal teeth, 
Dissection A, at 1,275X; (f) jaw, Dissection B, at 115X. 
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44" S, 1289 49’ 00" E. Carlton 1:100,00 map sheet 4667-9700:8140. Collected 7 
May 1988 by Vince Kessner. Height of shell 4.4 mm, diameter 13.0 mm, H/D 
ratio 0.338, whorls 4-, umbilical width 2.3 mm, D/U ratio 5.65. 


Paratopotypes 

WAM 749.87, WAM 750.87, South Australian Museum D18133, 
Australian Museum C.136037-8, Queensland Museum, Museum of Victoria, 
Kessner, and Field Museum of Natural History 204956-7, 16 LA,91 DA,4 DJ 
from the type locality. Additional specimens from the type lot have been 
deposited as Australian Museum C.157458, but were not seen until just before 
publication and are not considered to be designated type material. 


Range 

The only set of limestone hillocks from which Cristilabrum kessneri, new 
species, has been collected are located 6.2 km W of Point Spring, Weaber 
Range, Kimberley, Western Australia, Australia. These hills have a north- 
south axis of about 400 metres and are less than 50 metres wide. They are the 
easternmost exposed limestone bits of the Jeremiah Hills. 


Diagnosis 

Shell very small, adult diameter 10.85-15.1 mm (mean 12.50 mm), with 4 
3/8* to 5 (mean 4 5/8*) normally coiled whorls. Apex and spire (Fig. 2) 
slightly and evenly elevated, height of shell 3.5-5.35 mm (mean 4.40 mm), H/D 
ratio 0.283-0.437 (mean 0.353). Apical sculpture (Plate la) of vague radial 
swellings. Spire and body whorl (Figs 1-3, Plate la-b) of narrow, prominent, 
sometimes anastomosing radial ribs with a vague microsculpture of short, 
crowded microridglets (Plate 1b). Major sculpture not reduced on shell base, 
and distinctly enlarged where crossing keel. Shell periphery with rounded, 
protruded keel (Fig. 2). Body whorl descending moderately to sharply just 
behind aperture. Lip sharply reflected and expanded, continuous across and 
free of parietal wall, moderately reflected over edge of umbilicus. Basal lip 
node weak to well developed (Fig. 2), without prominent exterior indentation. 
Umbilicus open (Fig. 3), partly narrowed by columellar lip, width 2.1-4.5 mm 
(mean 2.85 mm), D/U ratio 3.26-5.85 (mean 4.43). Shell yellow brown, 
without darker markings, base lighter in tone, lip white. Based on 107 
measured adults. 


Genitalia (Figs 4-5) characterized by the long albumen gland (GG), very 
short prostate-uterus (DG, UT), medium length spermatheca (S), basal entry 
of the vas deferens (VD) into the penis sheath (PS), elongated and slender 
penis complex, with penis about equal in length to sheath (Fig. 5), which hasa 
moderately thickened wall. Interior of penis with two rounded longitudinal 
pilasters basally, one extending subapically into area of small, complex 
pilasters (Fig. 5). Penial retractor muscle (PR) long, entering sheath at apex, 
descending free to insert on the vas deferens-penis junction. 


Central and early lateral teeth of radula (Plate 2a-b) with small anterior 
flare, short basal plates, slightly elevated cusp shaft, cusp tip blunt and slightly 
curved, ectocone weak on central and Ist lateral, prominent on other laterals. 
Laterals about 10 (Plate 2a), anterior flare and ectocone enlarged on later 
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teeth, lateromarginal transition (Plate 2b) rapid. Midmarginal teeth (Plate 2e) 
with large endocone that sometimes becomes bifurcated. Jaw (Plate 2c, f) 
highly variable in ribbing, with width and frequency depending upon repaired 
injuries. 


Discussion 

The type collection of Cristilabrum kessneri contained 16 live and 91 dead 
adult examples. Measurements of these two samples showed that, with one 
exception, the differences between the means of each parameter were less than 
the combined standard errors of the mean, and thus not significantly different. 
Shell height of the live examples was 0.194 mm greater than the dead 
examples, while the combined SEM's of the two samples was only 0.133, 
suggesting at most very little difference. 


At first glance, the shell (Figs 1-3) appears to be very different from all other 
Cristilabrum. The very high, anastomosing radial sculpture, protruded keel, 
wide umbilicus, and free parietal lip are not duplicated elsewhere in the genus. 
While species such as C. buryillum, C. primum, C. grossum, C. bubulum and 
C. bilarnium (Solem, 1981: plts 17-18); C. spectaculum and C. isolatum 
(Solem, 1985: 966-975) do have prominent low, rounded radial ribs on the 
shell, in all but C. primum these ribs are absent from or reduced on the shell 
base. These ribs do not anastomose and are very different in structure from the 
high ribs of C. kessneri. 


C. kessneri also differs considerably from the other species of Cristilabrum 
in size and shape. The mean diameter of other Cristilabrum species (Table 2) 
ranges between 16.75 and 20.72 mm (12.50 mm in C. kessneri); mean whorl 
count 4 %+ to 5 %+ (only 4 %+ inC. kessneri), mean H/D ratio 0.482-0.613 
(only 0.353in kessneri); mean D/U ratios 5.95-10.8 (4.43 in kessneri). C. 
kessneri is small, with a reduced whorl count, much lower H/D ratio, and 
wider umbilicus than any other member of the genus. The nearest whorl count 
is that of C. primum (mean 4 76*), which is noticably reduced from the next 
lowest (5 % in C. buryillum), while the relatively widely open umbilicus of C. 
isolatum Solem (1985: 967, fig. 253f, mean 5.98) results from the narrow lip 
reflection. The widths of the two umbilici thus are not directly comparable, 
since the degree of lip narrowing is very different. 


Can these differences be correlated with any habitat data? Probably the shell 
size difference of C. kessneri relates to the very small size of the limestone hills 
on which it lives. These hills are much lower and smaller than those inhabited 
by C. isolatum, for example, and thus would dry out more quickly. The more 
limited activity time available because of this fact would tend to cause shell 
growth to stop at a lower whorl count. Narrow inner portions of the very deep 
crevices would retain moisture longer, and hence the depressed shape, which 
caused the low H/D ratio, could result in added activity time. The wider 
umbilicus is a normal concomitant of the low spire. Thus the shell size and 
shape changes in C. kessneri probably result from simple moisture factors. The 
significance of the strong shell surface sculpture is unknown. 
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TABLE 1. Length of Genital Organs in Cristilabrum species 








Length in mm of:- 





Penis Albumen Prostate- Sperm- Vagina PS/P 
Species complex gland uterus theca ratio 
C. solitudum 9.5 l4 14.5 5 4 1.2 
C. rectum 5 15 13 6 4 1.0 
C. n. sp. 10 11 11 2 5 1.5 
C. buryillum 12 9 9 3 7 2.0 
C. simplex 12.5 12.5 12.5 4.7 10 3.0 
C. monodon 12.5 11.5 11 3 8.5 1.3 
C. primum 12 10.5 12.5 3 8 2.0 
C. grossum 16 10 10.5 25 8 2.5 
C. bubulum 13 10 12 2.75 7 1.25 
C. isolatum 10 13 12 2.5 4 2.0 
C. spectaculum 13 12.5 14 4 4 1.0 
C. bilarnium 3 10.5 13 1.5 2 1.0 
C. kessneri 12 8.5 5 2 4 1.25 








FIGURES 1-3. Holotype of Cristilabrum kessneri: small limestone hillocks 6.2 km W of Point 
Spring, Weaber Ranges, NE of Kununurra, Western Australia, Australia. WAM 654.87. Scale 
line equals 10 mm. 
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FIGURES 4-5. Genitalia of Cristilabrum kessneri. FMNH 205956. small limestone hillocks 6.2 
km W of Point Spring, Weaber Ranges, NE of Kununurra, Western Australia. 7 May 1988: 4, 
whole genitalia, Dissection A: 5, interior of penis complex, Dissection B. Scale lines as marked. 
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Anatomical differences also can be correlated with the change in size and 
whorl count. Table ! lists the approximate length in mm for different genital 
organs in fully adult examples of the 13 currently recognized taxa of 
Cristilabrum. Two factors make it very difficult to get accurate length 
measurements of the genitalia: 1) several organs are coiled within the visceral 
hump inside the shell - rarely can they be fully straightened for measurement; 
and 2) unless the animal died in a fully extended position, the anterior genital 
organs will be “folded-contracted-squeezed-displaced” by the partial 
retraction of the head and neck of the animal distorting the shape and altering 
the size of these organs. The additional problems of maturation changes and 
seasonality differences, as outlined by Solem & Christensen (1984), have been 
avoided by use of only fully mature examples for these measurements. 


The species are listed in roughly northwest to southeast order in Table l, 
with actual contiguity of taxa at times replacing strict geographic order. There 
are few general trends evident, and some special situations. The two species 
with short penis complexes, C. rectum and C. bilarnium, have the penis 
transitional to Turgenitubulus, whereas the length of the penis complex 
otherwise varies only moderately, despite the differences in shell size; short 
vaginae (2-5 mm long) are found at the northern and southern ends of the 
genus range, with longer (7-10 mm) vaginae in the centrally located species; 
spermathecal length is quite variable and without a clear pattern; the higher 
penis sheath/ penis length (PS/P) ratios (2-3) are found in species that live on 
larger limestone masses (buryillum, simplex, primum, grossum) or are derived 
from one of these species (isolatum is closely related to grossum), while species 
that live on a corner of or smaller hills immediately adjacent to the same large 
masses (monodon, bubulum) have lower ratios (1.25-1.3); and the lengths of 
the albumen gland and prostate-uterus are fairly close to each other within all 
species except C. kessneri. 


The above data will be discussed in more detail elsewhere, but are necessary 
background to understanding the differences found in C. kessneri. Table 2 
gives the mean diameter and whorl count for each species, and then contrasts 
the mean of all other species with the size of C. kessneri. This serves to 
emphasize the fact that the latter is not only smaller in diameter, but has a 
much lower whorl count than other Cristilabrum. The latter change has two 
effects: 1) there is less spiral distance from the shell aperture to apex of the 
shell, and hence the genitalia has to be shortened; and 2) the whorl cross- 
sectional area is reduced for each portion of the genitalia, resulting in 
slenderization of organs. Compensation for these shifting parameters could 
have been accomplished by either: 1) overall and proportional length and cross 
sectional area decrease in most organs; and 2) “zonal compaction” with the 
decrease limited to one or two portions of the genital system. 


Strong evidence for the latter change is seen in Table | and Fig. 4. In C. 
kessneri the penis complex and vagina have not been shortened in an absolute 
sense, whereas the length of the prostate-uterus (5 mm) is both proportionately 
and absolutely reduced in length. The albumen gland is a little shorter, but 
remains proportionately long. All of the latter organs are slender in 
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comparison with equivalent structures in the other species of Cristilabrum. 
Thus “zonal compaction”, rather than “proportional shortening”, has 
occurred. 


C. kessneriis the only member of the restricted endemic camaenid radiation 
present at the only known locality. Thus no “species recognition” 
modifications of the terminal genitalia were either expected or found. Some 
recently dead and many long dead but no living examples, of Torresitrachia 
weaberana Solem, 1979 were collected by Vince Kessner (AM C.157456-7). 
They are noticably larger (mean diameter 17.2 mm) than Point Spring, 
Weaber Range examples (see Solem, 1979, tables 5, 7) that inhabit sandstone 
cliffs rather than limestone. The fact that whorl count is the same, despite the 
size increase, suggests a thicker shell in the limestone rich environment. While 
this station is “quality” for the weed-like 7. weaberana, which often is found 
under fringe conditions, and thus size has increased, it is “less than ideal" for 
the Cristilabrum that inhabits the larger limestone masses to the west and 
northwest. 


The anatomical change outlined above with zonal compaction instead of 
proportional change, is solid evidence that the small size and low whorl count 
of C. kessneri are secondary features. If it was primitively small, with other 
Cristilabrum species derived from C. kessneri, then the genitalia of the latter 
should show more general features. 


C. kessneri is a specialized species, whose unusual structures correlate with 
the small size, and thus reduced moisture retaining potential, of its habitat. 


TABLE 2. Mean Diameters and Whorl Counts of Cristilabrum species 








Species Mean Shell Mean Whorl 
Diameter Count 
inmm 

C. solitudum 17.96 5.59 

C. rectum 19.22 5.91 

C. new species 17.65 5.59 

C. buryillum 16.75 5.34 

C. simplex 18.60 5.42 

C. monodon 17.37 5.49 

C. primum 17.29 4.94 

C. grossum 20.72 5.32 

C. bubulum 17.68 5.51 

C. isolatum 19.75 5.59 

C. spectaculum 20.59 5.73 

C. bilarnium 18.93 5.80 
Mean and range 18.54 5.52 
of means (16.75-20.72) (4.94-5.91) 


C. kessneri 12.50 4.65 
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OBITUARY — G. ALAN SOLEM 


AN AUSTRALIAN PERSPECTIVE 
By W.F. Ponder and J. Stanisic 


One of the greatest malacologists the world has known, Alan Solem, died of a heart 
attack, on the 26th February, 1990, 58 years of age. He was, without question, the 
most productive malacologist in the last two decades, having published over 150 
papers, books and monographs. 


George Alan Solem was born on 21st July, 1931 in Chicago, Illinois. He 
obtained his Bachelor of Science degree at Haverford College, Pennsylvania in 
1952, and Master of Arts (1954) and Doctor of Philosophy (1956) degrees at the 
University of Michigan under Dr Henry van der Schalie. His Ph.D. thesis was on 
the non-marine molluscs of the New Hebrides (as it was then). He was appointed 
Assistant Curator of Lower Invertebrates in the Field Museum of Natural History 
in 1957, and then promoted to Curator in 1959. He was made Curator of 
Invertebrates in 1971, a position he held to his death. At the time of his death he was 
Curator and Head of the Division of Invertebrates. He was made an honorary life 
member of the Malacological Society of Australia in 1987 (see Australian Shell 
News, 59-60 (Dec. 1987), p. 2) and was a member of many other professional 
societies. He is survived by his wife and two children, Andy and Kirsten, by a 
previous marriage. 


Alan was not only well known and highly respected in malacological circles but 
the man and his work were widely known and appreciated by scientists in many 
other disciplines in Australia and elsewhere. The findings in his work have major 
implications for biogeography and evolutionary biology. He was always looking at 
situations and problems trying to see the “larger picture" — as well as applying his 
keen intellect to solving the problems of how species form, survive in desert 
conditions etc. 


Inthetwelve months before his death he suffered some serious setbacks, not the 
least of which was having several grant proposals turned down by the National 
Science Foundation which, up to that time had been funding his work 
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continuously for 14 years. Alan, however obtained private donations to keep his 
illustrator, Linnea Lahlum, working. Linnea had worked with Alan for more than 
10 years. She is currently finishing illustrations for part V11 of his land snail studies 
with funding only expected to last a few weeks. Alan’s monumental works on 
Australian land snails has had a profound impact on the way we think about our 
land snail fauna. His first trip to Australia was part of a four month tour including 
the Pacific Islands and New Zealand in 1961-62. He returned in 1965 on another 
tour but his first major involvement with Australian land snails commenced when 
he took his first real look at Western Australian land snails, nearly 10 years later, 
during a visit to Perth in 1974. He was so intrigued by the research possibilities that 
he successfully sought grant funding and returned in 1975 for field work and 
further study (see Australian Shell News, 17 (Jan. 1977), p. 5). He had eight major 
field trips to Australia over the last 14 years. During this time Alan studied, 
collected and monographed the camaenid land snails of the western two thirds of 
Australia, those of the Kimberley being of special significance. In addition his 
research grants funded collectors such as Laurie Price from New Zealand, Vince 
Kessner from the Northern Territory and Fred Aslin from South Australia to 
collect material for his projects. Representative collections of material, and types, 
resulting from Alan’s projects have been deposited in the appropriate state 
museums. 


His work not only encompassed the description of new taxa but endeavoured to 
answer questions regarding their biology, evolution and biogeography. Much of 
the taxonomic work was published in several large monographs but the synthetic 
results which all this was to provide a firm basis for, are largely unrealised. A major 
electrophoretic program was planned to test the taxonomy established and he also 
had planned to work on the biogeography and phylogeny of camaenids world 
wide, in part to try to establish the relationships of the Australian groups. 


His last field trip to Australia was in May and June, 1989, collecting from 
Geraldton to Port Hedland. He also spent some time on the south coast collecting 
Bothriembryon, as this group was to be his next project after completing the 
camaenids. We quote from Alan's Christmas letter concerning this trip “Assistant 
Vickie Huff, a climbing fool with a high energy level, was a “natural” at spotting live 
snails, and happily encountering desert thorns, tent collapsing wind storms, 
mosquitoes, the famed Aussie flies, two floods, and some near freezing weather. 
Some 9,000 km of driving was required to get the material, which we then packed 
and tried to ship. Was that a lesson in frustration. Between the stupidity of the 
Australian and United States bureaucrats, it took nearly a month to get the 
specimens from Perth to San Diego (to Dave Woodruffs laboratory) — and there 
they sit, because Woodruffs lab has been shut down because of failed grant 
proposals". 


Field work with Alan was hardly a culinary delight — he ate nothing but tinned 
meat, salt biscuits and potatoes, hating anything vegetable. Despite this diet and his 
girth he managed surprisingly well in even very rough country, although he did 
slow down in some of his later trips, having acquired diabetes and a bad foot. 
Although he liked to see the snails in the field he did not enjoy camping and being 
outdoors — he regarded himself as a city person — the outdoor experience was a 
necessary evil to do the job well. 


His works included a large number of publications which, either directly or 
indirectly, dealt with Australia's land snails. Alan's first major treatise, on the 
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non-marine molluscs of the New Hebrides (Solem, 1959a), attempted to place the 
Australian snails into a global biogeographic context. A number of small papers on 
Australian taxa followed (Solem, 1959b, 1964a, 1973a). Further indications that 
his work was assuming an Australian emphasis came with the publication of “The 
Shellmakers” in 1974. This ‘popular’ introduction to the phylum Mollusca 
included many references to Australian species. 


During the 1960s Alan produced two of his finest works on the non-marine 
molluscs. These were the two volumes on the endodontoid land snails of the Pacific 
Islands (Solem 1976, 1983b). Following in the footsteps of those revered American 
terrestrial malacologists, H.A. Pilsbry and H.B. Baker, he set new standards in 
molluscan systematics through his meticulous and comprehensive approach. The 
second volume of the set, which revised the Pacific Basin Charopidae, provided the 
basis for reviewing the large Australian charopid fauna and included descriptions 
and anatomical illustrations of several Australian species. 


In spite of the excellent illustrations which formed the basis of the endodontoid 
study, Alan was regretful that the scanning electron microscope (SEM) only came 
to the fore as a research tool when this major project was coming to an end. Alan 
immediately realised the potential of the SEM as an aid to the description of shell 
surface features and radular characteristics, and in two short technical papers 
(Solem 1970a, 1972a) he established the SEM as an integral part of the 
malacologist's ‘tool kit’. His subsequent publications on molluscan systematics 
bear testimony to his reliance on the SEM. 


Alan's first major publication devoted entirely to Australian land snails reviewed 
a number of genera in the helicoidean family Camaenidae (Solem, 1979c). This was 
to herald the beginning of a 12 year publication sequence on the Australian 
Camaenidae (Solem 1981a, 1981b, 1984b, 1985b, 1988a, 1989b, in press A-C) 
which reviewed 356 species in 51 genera. Most of these taxa were new (234 species, 
24 genera) and their description demonstrated the existence of an extensive arid 
zone land snail radiation in Australia. Alan was always one to make the most of an 
opportunity and numerous ‘spin-off papers also appeared. These included minor 
contributions to the systematics of the Charopidae (Solem, 1984a) and 
Helicarionidae (Solem, 1982a) as well as a larger paper on the pupilloid groups 
(Solem 1986a). In addition he expounded on some wider biological issues (Solem 
1985a, 1988b; Solem and Christensen, 1984). Ironically, his last major paper on 
Australian Mollusca to appear at the time of writing was the review of the 
non-camaenid taxa of northern Australia (Solem 1989a). However, in retrospect, 
this publication, which placed numerous Australian taxa into a more universal 
context, completed a circle begun back in 1959. 


Alan was particularly interested in the wider biological aspects of evolution and 
biogeography (Solem, 1969a; 1979a; 1979b; 1981c) and it is indeed unfortunate 
that his untimely passing has meant that the final synthesis of his studies on the 
Australian Camaenidae will remain unfinished. Nevertheless, numerous papers 
still in press and in various stages of preparation, which include studies on more 
arid zone Camaenidae, the Subulinidae, the south west Australian Charopidae and 
east Australian Austrochloritis s.l., together with several biogeographical studies, 
will ensure that Alan Solem's influence in Australian malacology is alive for some 
time yet. 


We will sorely miss him — Alan was not just a colleague and a highly stimulating 
visitor but a valued friend. 
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Book Review 


TRAITE DE ZOOLOGIE. Anatomie, systématique, biologie. Tome V. 
Metazoaire (Suite) — fascicule 4 —Céphalopodes. Edited by Katharina Mangold. 
1989. Editions Masson, 120 Boulevard Saint-Germain, Paris 75006. 804 pages, 454 
figures. Price: 1 100Fr. 


The publication of this long awaited book completes the coverage on Mollusca 
in the Traité de Zoologie. The book is divided into 22 chapters, i.e., Introduction, 
General organization, Buoyancy and locomotion, Skin, Nervous system, Sense 
organs, Endocrinology, Digestive system and digestion, Development of blood 
system and coelomic space, Respiratory and circulatory systems, Coelom and 
coelomic cavities, Excretory system and excretion, Sex organs, Reproduction, 
Growth and life span, Embryology, Predators, Parasites, Geographical 
distribution, Economy and fisheries, Migration and vertical distribution, 
Systematics, Evolution. 


This book was prepared under the skilled editorial hands of Dr. Katharina 
Mangold, Directeur de Recherche of C.N.R.S. and all chapters were authored by 
active cephalopod biologists. It is the first single volume book covering all aspects 
of cephalopod anatomy and biology in recent years. The increasing awareness in 
recent times of the importance of cephalopods in commercial fisheries, in 
biomedical research, and in the marine food web has resulted in increasing research 
activity on these animals in the past two decades. This book reflects many of these 
advances. The bibliography section of each chapter reveals that most have cited 
publications as current as 1986 or 1987, surprising when one considers the 
regrettable lapses between the authors completing manuscripts and the 
publication date. This delay in publication is a cause of the work’s major weakness. 
For instance, the footnote of the manuscript of the Fisheries chapter indicates the 
manuscript was submitted in March 1980, the content indeed reflects the state of 
affairs at that time, but the rapid development of squid fisheries on the Patagonia 
Shelf region in the past decade was not mentioned despite some post-1980 
publications listed in the bibliography. 


The reviews in most chapters are comprehensive and with a good selection in the 
bibliography, and include the unpublished data of some authors, e.g. Dr. Anna 
Bidder. All chapters are well illustrated. 


This book will be an invaluable reference to all cephalopod workers, both 
beginners and advanced, and to anyone who wishes to gain a general, but more 
than elementary, knowledge of the group. The price tag of 1 100Fr (about A$260) is 
perhaps high for a book, but I consider it of good value when compared with other 
books in the same price range. At least, I believe anyone who is seriously interested 
in cephalopods should have access to this book. 
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A review of the endemic Australian chiton genus 
Bassethullia Pilsbry 1928 
(Mollusca: Polyplacophora: Acanthochitonidae). 


K.L. Gowlett-Holmes 
South Australian Museum, North Terrace, Adelaide, S. Aust. 5000 


ABSTRACT 


The endemic Australian genus Bassethullia, previously considered a 
subgenus of Notoplax, is elevated to full generic rank and redefined. The 
Tertiary and Recent species of Bassethullia are reviewed and redescribed, and 
their distributions and the habitats of the living species are given. A key to the 
species is presented. Five species are recognised, three living and two extinct 
species, one of which is new. B. porcina is recognised as distinct from B. 
matthewsi. 


INTRODUCTION 


The genus Bassethullia was erected by Pilsbry (1928) to replace the preoccupied 
generic name G/yptelasma Iredale & Hull, 1925. This genus is endemic to southern 
Australia, and is represented by several poorly known Tertiary and Recent species. 
This group was given full generic rank by Iredale and Hull (1925, 1927), Cotton and 
Weeding (1939), Cotton and Godfrey (1940a, 1940b), Cotton (1953, 1964) and 
Macpherson and Gabriel (1962), but, along with Notoplax H. Adams, 1861, was 
regarded as a synonym of Craspedochiton Shuttleworth, 1853 by Smith (1960). 
Van Belle (1978) separated Notoplax from Craspedochiton, but placed 
Bassethullia as a subgenus of the former, which was followed by Kaas and Van 
Belle (1980) and Van Belle (1983). 


Here, the genus Bassethullia is re-evaluated and redefined, based on detailed 
examinations of its members. These species are reviewed and redefined, their 
taxonomy clarified, and their distributions and the habitats ofthe living species are 
defined. 


MATERIALS AND METHODS 


All available material from the Australian Museum, Sydney (AM), Museum of 
Victoria, Melbourne (MV), Queensland Museum, Brisbane (QM), South 
Australian Museum, Adelaide (SAM), Tasmanian Museum and Art Gallery, 
Hobart (TM), Western Australian Museum, Perth (WAM), the Academy of 
Natural Sciences, Philadelphia (ANSP) and the National Museum of New 
Zealand, Wellington (NMNZ) has been examined. Radulae were prepared for 
examination under the scanning electron microscope (SEM) after the method of 
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Bandel (1984). Species descriptions are based on the types and any other available 
material. Colour descriptions follow Kornerup and Wanscher (1978). Species are 
listed alphabetically. 


Family Acanthochitonidae Pilsbry, 1893 
Genus Bassethullia Pilsbry, 1928 


Glyptelasma Iredale & Hull, 1925, p. 94. Type-species: Acanthochites matthewsi 
Bednall & Pilsbry, 1894, by original designation (non Pilsbry, 1907, Crustacea). 


Bassethullia Pilsbry, 1928, p. 105. Type-species: Acanthochites matthewsi Bednall 
& Pilsbry, 1894, by original designation (nom. nov. pro G/lyptelasma Iredale & 
Hull, preoccupied). 


Lirachiton Ashby & Cotton, 1939, p. 215. Type-species: Acanthochiton 
(Lirachiton) inexpectus Ashby & Cotton, 1939, by original designation. 


Molachiton Ashby & Cotton, 1939, p. 220. Type-species: Molachiton naxus Ashby 
& Cotton, 1939, by original designation. 


Diagnosis 

Medium to large chitons; tegmentum somewhat reduced; jugum smooth, poorly 
differentiated; sculpture of lateral and pleural areas usually different, of 
longitudinal grooves and ridges, sometimes also with pustules; articulamentum 
large; insertion plates large, slits 1/5 to 2/3 width of articulamentum; slit formula 
5/1/4-8 without sinus; girdle microscopically spiculose, always with sutural tufts; 
gills merobranchial; radula with rectangular central teeth, broad, thickened first 
lateral teeth and major lateral teeth with tricuspidate heads. 


Remarks 

This group is given full generic rank here. Van Belle (1978, 1983) and Kaas and 
Van Belle (1980) regarded this genus as a subgenus of Notoplax, but it differs 
consistently from Notoplax in several important characteristics. The lateral and 
pleural areas in Bassethullia are distinguishable and their sculpture differs, whereas 
in Notoplax these areas, even if they are distinguishable, have the same sculpture. 
Also, the sculpture of the lateral and pleural areas in Bassethullia includes 
longitudinal grooves and ridges, a feature not found in Notoplax, nor recorded for 
the sculpture of these areas in any other group in the Acanthochitonidae. The 
insertion plate slits in Bassethullia are better developed than those found in 
Notoplax and always relatively longer. I believe these characters are significant at 
the generic level and warrant the recognition of Bassethullia as a full genus in the 
family Acanthochitonidae. 


Lirachiton Ashby & Cotton, 1939 and its synonym Molachiton Ashby & 
Cotton, 1939 are included as synonyms of Bassethullia following Gowlett- Holmes 
(1987). Bassethullia is endemic to southern Australia. 


Key to the species of the genus Bassethullia. 


1. |аїегаЦагёаз151оо шшр ш р ы: В. glypta 
l'ateraliareasisculptured К А Тч: 2 
2(1). Lateral areas sculptured with grooves only ........................ 3 


Lateral areas sculptured with grooves and pustules ................. 4 
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3(2). Posterior valve tegmentum 1.5 times (or less) as long 


аулет ИИТИИ В. рогсіпа 

Posterior valve tegmentum twice as long as wide ...... B. propeporcina 
4(2). Posterior valve with jugum about 1/4 width, and mucro in posterior 

lAwoftteementumW- еее B. matthewsi 


Posterior valve with jugum about 1/3 width, and mucro in posterior 


ish CHU Ж ЛЛ ы ГЫ ЕГ ЕЕЕ ГГ В. inexpecta 


Bassethullia glypta (Sykes, 1896) 
Figs 1, 2. 


Acanthochites (Notoplax) glyptus Sykes, 1896, p. 92, pl. 6, figs 5, 5a; Thiele, 1910, 
p. 71. 


Acanthochiton (Notoplax) glyptus (Sykes): Ashby, 1918, p. 85; Ashby, 1921, p. 
152. 


Acanthochiton glyptus (Sykes): Ashby, 1924, pp. 382, 390. 


Glyptelasma glypta (Sykes): Iredale & Hull, 1925, p. 95, pl. 11, fig. 23; Iredale & 
Hull, 1927, p. 85, pl. 10, fig. 23. 


Notoplax glyptus (sic) (Sykes): Ashby, 1927, p. 98. 


Bassethullia glypta (Sykes): Cotton & Weeding, 1939, p. 198; Cotton & Godfrey, 
1940a, p. 536, fig. 536; Cotton & Godfrey, 1940b, p. 25; Macpherson & Gabriel, 
1962, p. 10; Cotton, 1964, p. 81, fig. 90. 

Notoplax (Bassethullia) glypta (Sykes): Kaas & Van Belle, 1980, p. 54; Burn, 
1986a, p. 4; Burn, 1986b, p. 4; Burn, 1987, p. 6. 

Material examined 


Types: Holotype (MV F680) and paratype (MV F27307) from Port Phillip Bay, 
Victoria, collected by J.B. Wilson. 


Extant material: Victoria: Flinders (2, MV F27296); Sorrento, Port Phillip Bay 
(1, MV F54346); Portsea, Port Phillip Bay (5, MV F22339, F52976-7; F54347); 


Bass Strait (1, MV Е52975; 1, SAM 018440). Tasmania: no data (2, SAM 
D10713, D12800). 


Species description 

Large chiton to 60 mm (Fig. 1 A). Semi-carinated, medium elevation (Fig. 2D); 
tegmentum about 75% of articulamentum. Tegmentum with numerous random 
aesthetes all over except for edges of ridges (Fig. 1C). Tegmentum colour white to 
pale grey with pale to dark grayish green and light brown flecks and streaks, extent 
of darker colouring variable; jugum usually white to pale grey. Articulamentum 
white. Slit formula 5/ 1/7. Girdle colour yellowish white with grayish green to light 
brown patches and bands; sutural tufts white. 


Anterior valve (Fig. 2A) smooth except for slight irregular growth lines; 5 very 
weak radial ribs. Slits 5, 1/3 width of insertion plate, in grooves to edge of 
tegmentum. Median valves (Fig. 2B) with smooth jugum which has the appearance 
of longitudinal grooves due to alternate bands of translucent and opaque material, 
beaked, weakly toothed at beak; jugum barely differentiated from pleural areas. 
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Figure 1. 


Bassethullia glypta. A. whole specimen, x 4 (MV F54347); B. detail of girdle showing 
sutural tuft, x 35 (MV F54347); C. detail of tegmentum showing aesthetes, scale bar - 10 
ит (SAM D10713); D. radula showing central and first lateral teeth, scale bar = 10 um 
(MV F52975); E. radula showing major lateral teeth, scale bar = 20 um (SAM D10713). 
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Lateral areas smooth, separated from pleural areas by very weak diagonal rib; 
anterior half of pleural areas with few longitudinal grooves, becoming irregular 
toward outer edge, rest of pleural areas smooth. Slit 1, long, 2/3 width of insertion 
plate, in short groove to edge of tegmentum. Posterior valve (Figs 2C, 2E) with 
tegmentum as long as wide; jugum smooth, like median valves; antemucronal area 
like grooved part of pleural areas of median valves; mucro smooth, in posterior 1/3 
of tegmentum; postmucronal area concave, not steep, smooth. Slits 7, 1/4 to 1/3 
width of insertion plate, in grooves to edge of tegmentum. 

Girdle (Fig. 1B) with numerous microscopic (40-80 um long), tapering, sharp 
tipped, white to clear spicules. Sutural tufts small, with clear, tapering, sharp tipped 
spicules, 350-850 um long. 


Gills numerous, merobranchial, abanal, 24-26 ctenidia on each side, tapering 
large to small anteriorly. 


Radula (Figs. 1D, 1E) with small, elongate, rectangular, concave central teeth, 
apical edge of head slightly concave; first lateral teeth narrow basally, with broad, 
rounded heads folded around central teeth, apical edge of head thickened; major 
lateral teeth narrow basally, with wide tricuspidate heads, central cusp longest. 
Habitat 

On rock, probably under sand, on reefs. Also free-living in sand; intertidal to at 


least 10 m depth, see remarks below. 
: | 
ы 


Figure 2. Bassethullia glypta(SAM D10713). A. anterior valve; B. median valve; C. posterior valve; 
D. median valve (posterior profile); E. posterior valve (lateral profile); scale bar = 2 mm. 
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Distribution 
Central Victoria to Tasmania. No fossil records are known. 


Remarks 

This species has been collected very rarely, and the majority of the specimens 
collected have no habitat data recorded with them (Burn, 1986b). During the 
centennial survey (1986/87) of Port Phillip Heads, Victoria by the Marine 
Research Group of Victoria, three specimens (MV F54346-7) were dredged on 
algae covered sandstone reefs in 6 to 10 m. Two other specimens (MV F27296) 
were collected crawling through sand on the ocean beach at Flinders, Victoria, at 
very low tide level in 1966. This species probably lives on rock or pebbles in sand on 
reefs, similar to B. matthewsi and B. porcina, and is capable of free-living in sand, 
as the above two specimens (MV F27296) demonstrate. 


The distribution of B. glypta is very restricted, with most having been found in 
the Port Phillip Bay area of Victoria, two specimens (SAM D18440, MV F52975) 
from Bass Strait, and two specimens (SAM D10713, D12800) from an unspecified 
locality in Tasmania. The latter specimens were discussed in detail by Ashby 
(1927), who indicated that the probable locality for them was Stanley, northern 
Tasmania. These specimens (SAM D10713, D12800) are the only record of В. 
glypta from Tasmania. 


Bassethullia inexpecta (Ashby & Cotton, 1939) 
Fig. 3. 
Acanthochiton (Lirachiton) inexpectus Ashby & Cotton, 1939, p. 215, pl. 20, fig. 
3 1 


Molachiton naxus Ashby & Cotton, 1939, p. 220, pl. 20, fig. 32. 

Lirachiton inexpectus (Ashby & Cotton): Cotton & Godfrey, 1940a, pp. 572, 575, 
fig. 581; Cotton & Weeding, 1941, p. 443; Cotton, 1964, p. 125, fig. 131; Van 
Belle, 1981, pp. 43, 53. 


Notoplax ( Bassethullia) inexpecta (Ashby & Cotton): Gowlett-Holmes, 1987, p. 
109; Gowlett-Holmes & McHenry, 1988, pp. 4, 5, 9. 


Material examined 

Types: Holotype (SAM P4350) (posterior valve) from MacDonalds, Muddy 
Creek, Hamilton, Victoria, collected by W. Greed, Grange Burn Formation, 
Kalimnan, Pliocene. Molachiton naxus: Holotype (SAM P4351) (median valve) 
from MacDonalds, Muddy Creek, Hamilton, Victoria, collected by W. Greed, 
Grange Burn Formation, Kalimnan, Pliocene. 


Fossil material: Western Australia: Rando's No. 2 Bore, 17.2-17.4 m, Thornlie, 
Ascot Formation, Pliocene (1 median valve, WAM 88.344). 


Species description 
Small to medium chiton. Carinated. Slit formula ?/1?/?. Girdle unknown. 


Anterior valve unknown. Median valve(Fig. 3C, 3D) with smooth jugum, edge 
of jugum irregularly toothed; lateral area sculptured with semicircular to “U”- 
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shaped pustules in irregular rows, pustules coalescing and rows becoming linear 
ridges on pleural area. Slits unknown. Posterior valve (Fig. 3A, 3B) tegmentum 
about as wide as long; jugum smooth, about 1/3 width of tegmentum; 
antemucronal area with linear ridges becoming pustulose posteriorly. Mucro in 
posterior 1/3 of tegmentum; postmucronal area slightly concave, not steep, 
sculptured with irregular, semicircular pustules. Slits unknown. 





Figure 3. Bassethullia inexpecta. A. holotype, dorsal view, x 19(SAM P4350); B. holotype, lateral 
view, x 23 (SAM D4350); C. holotype (Molachiton naxus), x 14 (SAM P4351); D. 
median valve fragment, x 27 (WAM 88.344). 


Distribution | 
Western Victoria and southern Western Australia. Pliocene. 


16 K.L. Gowlett-Holmes 


Remarks 

The specimen from Western Australia (WAM 88.344) is the first record of this 
species from that state, and is the only specimen known other than the types. All the 
known material is very worn and broken, so the species description is incomplete. 
This species closely resembles the extant species B. matthewsi, but its exact 


relationship to the latter can only be determined when specimens ina better state of 
preservation are found. 


Bassethullia matthewsi (Bednall & Pilsbry, 1894) 
Figs 4, 5. 


Acanthochites matthewsi Bednall & Pilsbry in Pilsbry, 1894a, p. 120. 


Acanthochites (Notoplax) matthewsi Bednall & Pilsbry: Pilsbry, 1894b, p. 83, pl. 4, 
figs 27-30; Sykes, 1896, p. 91; Thiele, 1910, p. 72; Torr, 1912, p. 160. 


Acanthochiton (Notoplax) matthewsi (Bednall & Pilsbry): Ashby, 1921, p. 152. 
Acanthochiton matthewsi (Bednall & Pilsbry): Ashby, 1924, pp. 382, 385, 390. 


Glyptelasma matthewsi matthewsi (Bednall & Pilsbry): Iredale & Hull, 1925, p. 94, 
pl. 11, figs 17, 19, 21, 22; Iredale & Hull, 1927, p. 84, pl. 10, figs 17, 19, 21, 22. 


Glyptelasma matthewsi occidentalis Iredale & Hull, 1925, p. 95, pl. 11, figs 18, 20; 
Iredale & Hull, 1927, p. 85, pl. 10, figs 18, 20. 


Notoplax matthewsi (Bednall & Pilsbry): Ashby, 1928, p. 175. 


Bassethullia matthewsi (Bednall & Pilsbry): Cotton & Weeding, 1939, p. 198; 
Cotton & Godfrey, 1940a, p. 536, fig. 534; Cotton & Godfrey, 1940b, p. 25; 
Macpherson & Gabriel, 1962, p. 9, fig. 16; Cotton, 1964, p. 80, fig. 88. 


Bassethullia matthewsi occidentalis (Iredale & Hull): Cotton & Godfrey, 1940b, 
pp. 25; Cotton, 1964, p. 80. 


Notoplax ( Bassethullia) matthewsi (Bednall & Pilsbry): Kaas & Van Belle, 1980, p. 
82, 103; Zeidler & Gowlett, 1986, p. 98. 


Notoplax (Bassethullia) matthewsi occidentalis (Iredale & Hull): Kaas & Van 
Belle, 1980, pp. 82, 92. 


Material examined 

Types: Holotype (ANSP 64916) from Giles Point, Yorke Peninsula, South 
Australia, collected by E.H. Matthews. Glyptelasma matthewsi occidentalis: 
Holotype (WAM 11660) and paratype (MV F15164) from under a stone at low 


water, Middleton Beach, King George Sound, Western Australia, collected by 
A.F.B. Hull. 


Extant material: Victoria: no data(1, MV F57629) Walkerville (1, MV F52983); 
Cape Paterson (1, MV F52984); Shoreham, Westernport Bay (1, MV F52968); 
Balnarring, Westernport Bay (1, MV F52969); Torquay (1, MV F23501); 
Moonlight Head (1, MV F52981). South Australia: no data (7, SAM 012231, 
D12560, D17556; 2, AM C5583, C155652; 2, MV F52970, F52974; 1, ANSP 
92185); Beachport (1, SAM D17557); Robe (2, MV F52972, F57624); Cape Jaffa 
(4, SAM D18447); Vivonne Bay, Kangaroo Island (8, SAM D18446); Gulf St 
Vincent (2, AM C16952); Normanville, Gulf St Vincent (1, SAM D12238); Port 
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Willunga, Gulf St Vincent (1, SAM D17558); Wittons Bluff, Gulf St Vincent (2, 
SAM D17567); Marino, Adelaide (37, SAM D12230, D17559-66, D17387; 2, AM 
C5464; 11, MV F19266, F21601, F52971, F57623, F57626, F57628); Giles Point, 
Yorke Peninsula (1, AM C155653); Edithburgh, Yorke Peninsula (6, SAM 
D12657, D17568, D17588, D17603; 1, AM C10411; 2, MV F52973; 1, NMNZ 
MF.16852); Sultana Bay, Yorke Peninsula (1, SAM D13741); Troubridge Point, 
Yorke Peninsula (2, SAM D18445); Kemp Bay, Yorke Peninsula (2, SAM 
D18416); Port Moorowie, Yorke Peninsula (11, SAM D17604, D18444); Point 
Yorke, Yorke Peninsula (3, SAM D17569, D17979); Chinamans Hat Island, 
Yorke Peninsula (1, SAM D17571); Daly Head, Yorke Peninsula (1, SAM 
D17570); Corny Point, Yorke Peninsula (4, SAM D12239, D17572-3); Port 
Hughes, Yorke Peninsula (2, SAM D12876; 2, MV 57622); Arno Bay, Eyre 
Peninsula (3, SAM D17574; 2, MV F57625); Franklin Islands (12, SAM D16692- 
5). Western Australia: Cape Riche (1, AM C155661); Augusta (1, AM C155660); 
Ellenbrook Beach (1, AM C155659); Margaret River (3, AM C148293; 1, MV 
F52985); Cottesloe (2, SAM D17575; 8, WAM 15607/11, 1598 3/8/5); Yanchep 
(2, AM C148279, C155658). 


Fossil material: Western Australia: Paulik's Bore, 28.1-34.3 m, Jandakot, 
(Jandakot beds), Plio-Pleistocene (4 median valves, 4 posterior valves, WAM 
73.632, 76.1728, 76.1826, 77.3915, 77.3919, 78.428, 78.2618); Cement Works Bore, 
32.5 m, Jandakot, (Jandakot beds), Plio-Pleistocene (1 posterior valve, WAM 
73.632). 


Species description 

Medium chiton to 40 mm (Fig. 4A). Carinated, medium elevation (Fig. 5E); 
tegmentum about 65% of articulamentum. Tegmentum with numerous random 
aesthetes all over except for edges of ridges and pustules (Fig. 4D). Tegmentum 
colour grayish white with irregular zigzag pattern of brown and grayish green, 
pattern very pale on some specimens; jugum grayish white to grayish yellow, 
occasionally with brownish bands, bordered either side by band of alternating 
white, brown and some grayish green; beak of 5th valve deep green. 
Articulamentum white. Slit formula 5/1/5-7. Girdle colour grayish white with 
bands and patches of deep green to grayish green; sutural tufts white. 


Anterior valve (Fig. 5C) with 5 very weak radial ribs; sculpture of irregular, 
mainly *U"-shaped pustules, small near apex becoming much larger toward girdle, 
arranged in slanting rows between ribs. Slits 5, 1/3 width of insertion plate, in 
grooves to edge of tegmentum. Median valves (Fig. 5B) with narrow, strongly 
toothed jugum, smooth with very weak longitudinal ridges which appear stronger 
due to alternating bands of translucent and opaque material, strongly beaked; 
lateral areas with irregular, mainly *U"-shaped pustules, arranged in diagonal rows 
on posterior part of lateral areas, in anterior part, pustules in the rows become 
fused into pustulose ridges, which then become smooth ridges on pleural areas; 
lateral and pleural areas sometimes divided by a low rib. Slit 1, long, 1/3 to 1/2 
width of insertion plate, in groove to edge of tegmentum. Posterior valve(Figs 5A, 
5D) with tegmentum longer than wide; jugum like median valves, about 1/4 width 
of tegmentum; antemucronal area with smooth ridges anteriorly becoming 
pustulose, then breaking up into rows of *U"-shaped pustules, pustules irregular 
towards girdle, the rows becoming irregular then disappearing into random 
pustules on postmucronal area; mucro smooth, in posterior 1/4 of tegmentum; 
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Figure 4. Bassethullia matthewsi. A. whole specimen, х 5 (SAM D18416); B. detail of girdle 
showing sutural tuft, x 27 (SAM D18416); C. radula, scale bar = 20 um (SAM D17604); 
D. detail of tegmentum showing aesthetes, scale bar = 20 um (SAM D17604). 
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postmucronal area concave, not steep. Slits 5-7, long, 1/3to 1/2 width of insertion 
plate, in grooves to edge of tegmentum. 


Girdle (Fig. 4B) with numerous microscopic (70-100 um long), slightly curved, 
tapering, sharp tipped, clear spicules. Sutural tufts with very numerous long 
(580-700 um long), fine (20 um wide), straight, tapering, sharp tipped, clear 
spicules. 


Gills numerous, merobranchial, abanal, 21-24 ctenidia on each side, tapering 
large to small anteriorly. 


Radula (Fig. 4C) with small, elongate, rectangular, concave central teeth, apical 
edge of head straight; first lateral teeth narrow basally, with broad, low heads 
almost as wide as central teeth are long, apical edge of head thickened; major lateral 
teeth narrower basally, with wider tricuspidate heads, central cusp longest. 





Figure 5. Bassethullia matthewsi (SAM 017604). A. posterior valve; B. median valve; C. anterior 
valve; D. posterior valve (lateral profile); E. median valve (posterior profile); scale bar = 2 
mm. 


Habitat 

Singly on pebbles, cobbles and rock in fine to coarse sands; rarely free-living in 
coarse to very coarse sands; in sand pockets on reefs in medium to high energy 
areas. Intertidal to at least 15 m depth. 


Distribution 
Central Victoria to southern Western Australia, excluding Tasmania. Late 
Pliocene to Recent. 


Remarks 

The confusion between this species and B. porcina will be detailed under that 
species. Iredale and Hull (1925) separated Glyptelasma matthewsi occidentalis 
from King George Sound, southern Western Australia as a subspecies 
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distinguished from the nominate form by “the more crowded linear sculpture of the 
median valves and their notably more slanting direction: the pustulose area is 
restricted to the central portion of the pleural areas" and that the jugal area was 
broader with more lines. Ashby (1928) regarded occidentalis as within the range of 
variation of matthewsi, noting there was great variation between South Australian 
specimens which encompassed the occidentalis form, but the subspecies was still 
recognised as distinct by Cotton and Godfrey (1940b), Cotton (1964) and Kaas and 
Van Belle (1980). After examining a large series of specimens, and comparing the 
holotypes of both forms, I am convinced there is no justification in recognising the 
western subspecies. I agree with Ashby (1928) that G. matthewsi occidentalis falls 
within the acceptable variation of Bassethullia matthewsi, and cannot be 
considered a separate subspecies. 

One factor which has contributed to the confusion on the form of this species is 
Iredale and Hull’s (1925) neotype (AM C155656) of B. matthewsi, which is in fact a 
specimen of B. porcina. Both this neotype, and Cotton and Godfrey's (1940a) 
neotype (SAM D13741), of B. matthewsiare invalid (Zeidler and Gowlett 1986), as 
the holotype (ANSP 64916) is still in existence. A number of specimens of this 
species were collected from the gut of a whiting (Sillaginodes punctatus) (MV 
F52973, AM C10411, NMNZ MF.16852) by E.H. Matthews (Torr 1912). 


Bassethullia porcina (Ashby, 1919) 
Figs 6, 7. 


Acanthochiton (Notoplax) porcina Ashby, 1919, p. 395, pl. 41, figs 7-10. 
Notoplax porcina (Ashby): Ashby, 1920, p. 290. 
Acanthochiton porcina Ashby: Ashby, 1924, pp. 383, 385, 390. 


Glyptelasma matthewsi matthewsi (Bednall & Pilsbry): Iredale & Hull, 1925, p. 
95; Iredale & Hull, 1927, p. 84 (in part non Bednall & Pilsbry). 


Bassethullia matthewsi (Bednall & Pilsbry): Cotton & Godfrey, 1940a, p. 536, 
fig. 535; Cotton & Godfrey, 1940b, p. 25; Cotton, 1964, p. 80, fig. 89 (in part 
non Bednall & Pilsbry). 


Bassethullia porcina (Ashby): Cotton, 1953, p. 23. 


Notoplax (Bassethullia) matthewsi (Bednall & Pilsbry): Kaas & Van Belle, 1980, 
p. 103 (in part non Bednall & Pilsbry); Zeidler & Gowlett, 1986, p. 100 (non 
Bednall & Pilsbry). 


Material examined 
Type: Holotype (SAM D12250) dredged in Gulf St Vincent, South Australia, 
collected by J.C. Verco. 


Extant material: South Australia: Robe (1, MV F57627); Cape Jaffa (4, SAM 
D17584, D18448); Vivonne Bay, Kangaroo Island (1, SAM D18449); Ochre Point, 
Gulf St Vincent (2, SAM D17585); Yorke Peninsula (1, AM C155656); Troubridge 
Point, Yorke Peninsula (2, SAM D18450); Port Moorowie, Yorke Peninsula (6, 
SAM D17607, 017951, 018404, 018443). 


Species description 
Large chiton to 80 mm (Fig. 6A). Carinated, medium elevation (Fig. 7E); 
tegmentum about 60% of articulamentum. Tegmentum with numerous random 
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aesthetes all over except for edges of ridges (Fig. 6D). Tegmentum colour pale 
yellow with patches of white and grayish orange to grayish red, usually forming 
streaks; jugum white, sometimes with grayish red bands; beak of Sth valve darker. 
Articulamentum white. Slit formula 5/1/4-6. Girdle colour pale yellow to grayish 
yellow or grayish orange, sometimes with spots and streaks of golden yellow. 
Sutural tufts white. 


Anterior (Fig. 7C) valve with 5 very weak radial ribs; sculpture of sharp, 
concentric to longitudinal, irregular ridges. Slits 5, 1/5 width of insertion plate, in 
short grooves up to 1/2 width of insertion plate. Median (Fig. 7B) valves with 
narrow jugum sculptured with shallow longitudinal grooves, beaked, jugum 
weakly toothed posteriorly; lateropleural areas with sharp longitudinal ridges, 
becoming irregular towards girdle and on lateral areas, sometimes with very weak 
diagonal rib. Slit 1, long, 1/3 to 1/2 width of insertion plate, in groove to edge of 
tegmentum. Posterior valve (Figs 7A, 7D) with tegmentum up to 1.5 times as long 
as wide; jugum and antemucronal area like median valves; mucro smooth, in 
posterior 1/4 of tegmentum; postmucronal area concave, not steep, ridges from 
antemucronal area becoming irregular and broken up into irregular pustules. Slits 
4-6, mostly long, 1/4 to 1/2 width of insertion plate, in short, deep grooves up to 
2/3 width of insertion plate. 


Girdle (Fig. 6B) with numerous microscopic (100-150 um long), tapering, sharp 
tipped, white to clear spicules. Sutural tufts with very numerous fine, tapering, 
sharp tipped, clear spicules, to 1.2 mm long. 


Gills numerous, merobranchial, abanal, 25-28 ctenidia on each side, tapering 
large to small anteriorly. 


Radula (Fig. 6C) with small, narrow, elongate, rectangular, concave central 
teeth, apical edge of head concave in outline; first lateral teeth narrow basally, with 
very broad, low heads, as wide as central teeth are long, and slightly folded over 
them, apical edge of head thickened; major lateral teeth narrower basally, with 
wide tricuspidate heads, central cusp longest. 


Habitat 

On smooth rock under clean fine to medium sand, sometimes free-living in 
loose, clean fine to medium sand; in sand pockets on reefs in medium to high 
energy areas. From 3 m to at least 15 m depth. 


Distribution 
Robe to Investigator Strait, including Kangaroo Island, South Australia. No 
fossil records are known. 


Remarks 

This species has been placed in synonymy with B. matthewsi by various authors 
(Iredale and Hull 1925, 1927; Cotton and Godfrey 1940a, 1940b; Cotton 1964; 
Kaas and Van Belle 1980; Zeidler and Gowlett 1986). The confusion between the 
two has arisen because of the few specimens of B. porcina available for study. 


The two species were first synonymised by Iredale and Hull (1925) based on the 
original descriptions, a few specimens from Victoria and South Australia, and the 
type of B. porcina. Later authors followed Iredale and Hull (1925) in synonymising 
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Figure 6. Bassethullia porcina (SAM D17585). A. whole specimen, x 3; B. detail of girdle showing 
sutural tuft, x 23; C. radula, scale bar = 100 um; D. detail of tegmentum showing 
aesthetes, scale bar = 20 рт. 
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the two species. Cotton and Godfrey (1940a) and Cotton (1964) suggested that 
porcina may be an extra-large deep water form of matthewsi, although Cotton 
(1953) recognised porcina as a distinct species. 


Bednall and Pilsbry's original description (Pilsbry 1894a) and figures (Pilsbry 
1984b) of matthewsi clearly show the pustulose lateral areas of the median valve 
and describe the zigzag brown to green colour pattern. Ashby's (1919) original 
description and figures of porcina show the lack of pustules on the median valve 
and describe the orange-red streaked and mottled colour pattern. Iredale and Hull 
(1925, 1927) considered the pustules on the lateral areas of the median valves to bea 
variable feature, regarding them as obsolete in the porcina form. This may be why 
Iredale and Hull (1925) selected a specimen of porcina (AM C155656) as their 
neotype of B. matthewsi. Fortunately, this neotype is invalid as the holotype of B. 
matthewsi (ANSP 64916) is still in existence. Iredale and Hull (1925, 1927) 
apparently ignored the quite different colour patterns and valve shapes of these two 
species. 





Figure 7. Bassethullia porcina (SAM 017585). A. posterior valve; B. median valve; C. anterior 
valve; D. posterior valve (lateral profile); E. median valve (posterior profile); scale bar = 2 
mm. 


Recently, a number of specimens referable to В. porcina have been collected in 
South Australia. Using а series of specimens, and comparing types of both species, 
there are a number of very distinct differences between the two species, summarized 
in Table 1. These character differences are constant over the geographical ranges of 
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both species, and are supported by differing habitat requirements: B. porcina 
prefers finer sand and larger rock substrate than В. matthewsi (pers. obs.). 


B. porcina currently has a very limited known distribution. This is mainly dueto 
its habitat only being readily accessible to divers, and that this habitat is almost 
never examined for chitons by most collectors. 


Table 1. Distinguishing characters of Bassethullia matthewsi and B. porcina. 


Character B. matthewsi B. porcina 

Specimen length to 40 mm to 80 mm 

Tegmentum colour gray-white with brown, pale yellow-white 
green zigzag pattern with orange, red 

streaks 
Anterior valve sculpture irregular *U"-shaped concentric-longitudinal 
pustules irregular ridges 
Median valve sculpture pustules and grooves grooves and ridges only 
and ridges 

Girdle colour gray-white with green yellow with streaks and 
bands and patches spots of golden yellow 

Habitat 

1. Substrate pebbles, cobbles, rock rock 

2. Sediment fine to coarse sand fine to medium sand 


Bassethullia propeporcina sp. nov. 
Fig. 8. 


Holotype: WAM 78.430, one incomplete posterior valve, anterior tegmentum 
damaged, sutural lamina mostly missing, insertion plate chipped, 2.85 x 2.55 mm, 
collected from 33.4 m, Paulik’s Bore, E. end of lot 41, Semple Road, Jandakot, 
Western Australia, (32906.91’S, 115950.46'E), collected by J.G. Hastings and G. W. 
Kendrick, 7.vi.1968, (Jandakot beds), Plio-Pleistocene. 


Paratypes: WAM 78.1942, one slightly worn anterior valve, slight chips on 
insertion plate, 1.8 x 2.75 mm, collected from 30.5 m, same bore, stratigraphic data 
and collectors as holotype, 6.vi.1968; WAM 88.343, one worn, incomplete median 
valve, just over half of valve present, sutural lamina missing, remaining insertion 
plate worn and broken, 5.05 x 4.1 mm, same collection data as holotype; WAM 
86.1194, one median valve, slight chips to sutural lamina and insertion plates, 3.0 x 
3.75 mm, collected from 28.6-40.4 m, Jupp's Bore No. 1, Swan Loc. 789, Gingin 
Brook Road, West Gingin, Western Australia, (31919.50'S, 115948.92'E), collected 
by G.W. Kendrick, 31.1.1986, shell sand, Ascot Formation, Pliocene. 


Other fossil material: Western Australia: Paulik's Bore, 37.8-37.9 m, Jandakot, 
(Jandakot beds), Plio-Pleistocene (1 median valve, WAM 76.634); Rando's No. 2 
Bore, 16.1 m, Thornlie, Ascot Formation, Pliocene (1 median valve, WAM 
77.3027). 
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Figure 8. 
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Bassethullia propeporcina sp. nov. A. paratype, anterior valve, x 22(WAM 78.1942); B. 
paratype, median valve, x 15.5(WAM 86.1194); C. holotype, posterior valve, x 21 (WAM 
78.430); D. paratype, median valve, x 16 (WAM 88.343); E. paratype, median valve 
(posterior profile), scale bar = 1 mm (WAM 86.1194); Е. holotype, posterior valve, lateral 


view, x 21 (WAM 78.430). 
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Species description 
Small to medium chitons. Carinated, medium elevation (Fig. 8E); tegmentum 
about 65% of articulamentum. Slit formula 5/1/5. Girdle unknown. 


Anterior valve (Fig. 8A) without radial ribs, sculpture of irregular, mainly 
*U"-shaped pustules, coalescing, becoming pustulose longitudinal to concentric 
ridges towards edge of tegmentum. Slits 5, about 1/4 width of insertion plate, in 
grooves to edge of tegmentum. Median valves (Fig. 8B, 8D) with jugum smooth, 
about 1/3 width of tegmentum, strongly beaked; lateropleural areas with 
longitudinal ridges, pustulose close to beak, irregular on lateral areas, becoming 
smooth ridges on pleural areas. Slit 1, short, about 1/5 width of insertion plate, in 
groove to edge of tegmentum. Posterior valve (Figs 8C, 8F) with tegmentum twice 
as long as wide; jugum smooth, about 1/3 width of tegmentum; antemucronal area 
with smooth, longitudinal ridges becoming pustulose then breaking up into rows of 
“U” shaped pustules, rows then becoming irregular then disappearing into random 
pustules on postmucronal area; mucro smooth, in posterior 1/4 of tegmentum; 
postmucronal area concave, not steep, angle of postmucronal area continued onto 
insertion plate. Slits 5, irregular, about 1/4 width of insertion plate, in grooves to 
edge of tegmentum. 


Etymology 

A combination of the Latin “prope” meaning nearly, almost, with “porcina”, in 
recognition of the close resemblance of this species to the extant species B. porcina 
(Ashby, 1919). 


Distribution 
Southern Western Australia. Pliocene to Pleistocene. 


Remarks 

B. propeporcina was compared with other fossil and extant species in the genus 
Bassethullia. It most closely resembles the extant species В. porcina, but can be 
readily distinguished from it by the relatively much narrower posterior valve and 
the more pustulose sculpture on all valves. It can be distinguished from other fossil 
and extant members of the genus by the form of the sculpture of the lateral areas. 


The non-type material referred to this species (WAM 76.634, 77.3027) is broken 
and worn. 
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A new species of scallop from 
off New South Wales, Australia (Bivalvia: Propeamussiidae) 


H. H. Dijkstra 
Zoological Museum Amsterdam, PO Box 4766, 
1009 AT Amsterdam, The Netherlands 


ABSTRACT 


Cyclopecten kapalae is described from the continental slope off New South 
Wales. 


INTRODUCTION 


During investigations by the FRV ‘Kapala’ a new species of Propeamussiidae was 
collected off New South Wales during the years 1977-1980. This is the third 
propeamussiid from that region. The other two are Parvamussium thetidis 
(Hedley, 1902) and Chlamydella favus (Hedley, 1902). 


TAXONOMY 


Superfamily Pectinacea Rafinesque, 1815 (emend., Waller, 1978) 
Family Propeamussiidae Abbott, 1954 
Genus Cyclopecten Verrill, 1897 
Type species: Pecten pustulosus Verrill, 1873 
Cyclopecten kapalae sp. nov. 


Description 

Shell small, approximately 6 mm in height, but normally about 5 mm, 
somewhat higher than wide. Subcircular, inequivalve, left valve somewhat more 
convex than right one. Anterior and posterior auricles unequal, umbonal angle 
about 909. Left valve cancellated on entire external surface, produced by fine 
irregular radial costae and concentric lamellae. Near umbonal area only concentric 
lamellae are present, radial ribbing beginning about | mm from umbonal top. 
Radial riblets and concentric lamellae most abundant near ventral margin. 
Between the cancellation surface is microscopically scratched. Anterior auricle has 
coarser concentric lamellae than posterior one, and without radial costae. No lirae 
visible on internal surface. Near ventral margin cancellated structure of external 
surface translucent, whereas central part of resilium often an opaque milky white. 
Hinge line straight; cardinal crurae have strong irregular grooves, widening at 
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. Holotype (left valve, exterior) (11.9x) — uncoated 

. Holotype (right valve, exterior) (12.8x) — uncoated 

Holotype (left valve, central part exterior) (173x): concentric lamellae with interstitial radial 
riblets. (uncoated) 

4. Paratypes (left and right valve, exterior): “KAPALA” stn K80-20-08. 

5. Paratypes (left and right valve, interior): “KAPALA” stn K80-20-08. 
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central part and narrowing at edge of hinge line. Resilial insertion triangular, 
somewhat overhanging. Umbonal top rises the hinge line. 


Right valve has concentric lamellae on entire external surface, somewhat larger 
and coarser at ventral margin. Posterior and anterior auricles also have concentric 
lamellae, somewhat more irregular on the latter. Microscopic scratches on surface 
between concentric lamellae. Near byssal fasciole two or three fine axial riblets are 
exposed, sometimes absent. Byssal fasciole small; byssal notch hardly 
distinguished from outer margin of anterior auricle. No ctenolium present on 
suture. Hinge line nearly straight, cardinal crurae similar to that of left valve. No 
internal lirae. Coloration dirty to milky white, and sometimes translucent. 


Dimensions 
Holotype: Height 5 mm, length 4.5 mm, diameter 1.2 mm. Paratypes: Height 2.5 
to 6 mm, length 2.5 to 5.5 mm (valves). 


Holotype 
Off Sydney, NSW, 33031'-33'S, 152908'-07'E, 914-907 m, 10 Dec. 1980, FRV 
‘Kapala’ Stn. K80-20-08. AMS C. 155831.1. 


Paratypes 

NSW: (All collected by FR V ‘Kapala’). Off Port Kembla, 33041'S, 151956'E, 730 
m, 5 Dec. 1977. Dredged; Stn. K77-23-04. 2 l.v. & 2 r.v., AMS C. 155837. Off 
Nowra, 34950'S, 151915'E, 841 m, 12 Dec. 1978. Dredged, Stn. K78-27-04. 31.v. & 5 
r.v., AMS C. 155823. Off Nowra, 34950'S, 151913'E, 550 m, 12 Dec. 1978. Benthic 
sledge, Stn. K78-27-07. 1 l.v., AMS C. 155822. Off Sydney, 34915'-12'S, 151929"- 
ЗГЕ, 476 m, 14 Dec. 1978. Trawled, Stn. K78-26-17. 8 l.v. & 11 r.v., AMS C. 
155832. E of Sydney, 33933’S, 152905'E, 750 m, 4 Dec. 1979. Benthic sledge, Stn. 
K79-20-03. 3 г.у. AMS C.155800. E. of Broken Вау, 33932’S, 152908'E, 914 m, 4 
Dec. 1979. Benthic sledge, Stn. K79-20-05. 1 l.v. & I r.v., AMS С. 155813-14. Off 
Sydney, 33931'-33'S, 152908'-07'E, 914 m, 10 Dec. 1980. Dredged, Stn. K80-20-08. 5 
l.v. & 5 r.v., AMS C. 155831.2. 


Distribution ) 
The new species has been collected only from off New South Wales, Australia 
(3393 1-34950’S апа 151913-152908'E), in coarse sand to fine ooze, with sediments. 


Remarks 

Cyclopecten secundus Finlay, 1927 from New Zealand differs from C. kapalae 
by more pronounced cancellated sculpture with tubercles on the left valve, 
cancellated auricles, and a broader shell-disc. Cyclopecten bistriatus (Dall, 1916) is 
somewhat larger, to 7 mm in height and length, and lives in deeper water to 1500 m 
off California, USA. This species has also been reported from Sagami Bay, Japan 
(710-1385 m) by Okutani (1962; 18), no morphological differences between the 
Californian and Japanese species being recognized. Japanese specimens have finer 
cancellations on the entire surface of the left valve than C. bistriatus from 
California and C. kapalae. Cyclopecten bistriatus differs from the Japanese species 
and C. kapalae by more close-set radial riblets on the left valve. The morphological 
features of the right valve are almost similar in the three species. 
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providing pectinacean material, obtained by FRV ‘Kapala’, for comparative 
taxonomic study. 
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Eight new marine bivalves from Australia 
(Mollusca, Bivalvia) 


Kevin Lamprell 
58 Marsden Road, Kallangur, Queensland 4503 
and 
Thora Whitehead 
172 Burbong Street, Chapel Hill, Brisbane, Queensland 4069 


ABSTRACT 


Eight new bivalve species are described from Australia: Tucetona 
angusticosta, Tucetona scalarisculpta and Mactra (Mactra) westralis, from 
Western Australia; Spisula (Notospisula) austini from the Northern 
Territory; and Pitar (Pitarina) spoori, Pitar (Pitarina) nancyae, Pitar 
(Pitarina) trevori and Lioconcha annettae from Queensland. T. angusticosta 
and T. scalarisculpta are placed in the Glycymerididae; M. westralis and 5. 
austini in the Mactridae; and P. spoori, P. nancyae, P.trevori and L. annettae 
in the Veneridae. 


INTRODUCTION 


The bivalve fauna of Australia is rich and diverse. While much relevant literature 
exists from the early days of exploration to the present, information is fragmented 
and often relatively hard to find. For this reason a study of twenty-six families of 
Australian bivalves has been undertaken over the past twelve years. During the 
course of this study we have examined the collections in all the major museums in 
Australia and Europe and have encountered eight species which appear to be 
undescribed. 


MATERIALS AND METHODS 


All measurements were done by K. Lamprell and T. Whitehead using vernier 
calipers. Photographs were prepared by the photographic department of the 
Queensland Museum. 


ABBREVIATIONS USED 


AM = Australian Museum 
QM = Queensland Museum 
WAM = Western Australian Museum 
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MV - Museum of Victoria 

BMNH = British Museum (Natural History) 
lv = left valve 

rv - right valve 

pv - paired valves 


SYSTEMATICS 


The systematic arrangement at family, generic and subgeneric level follows that of 
the Treatise on Invertebrate Paleontology (Moore, 1969) except in the case of the 
Glycymerididae. 


Family Glycymerididae Newton, 1922 
Genus Tucetona Iredale, 1939 
Type Pectunculus flabellatus Tenison Woods, 1878 


The genus Tucetona Iredale, has been synonymised with Glycymeris Costa, 
1778 by Newell (in Moore, 1969) but the classification used here follows 
Matsukuma (1979) who adopted Glycymeris for smooth or weakly ribbed species 
with fine radial riblets and hirsute periostracum, and Tucetona for species that are 
ribbed, with thin periostracum. The genus Tucetilla Iredale, 1939 (type: Glycymeris 
capricornea Hedley, 1906) has also been synonymised by Newell (op.cit.) but is 
used by Habe (1961) and Matsukuma (1984, 1986) as a subgenus of Glycymeris, for 
shells with a surface sculpture of distant beaded ribs, fine interstitial riblets and 
sparse hirsute periostracum, and is here used for such species. 


Tucetona angusticosta n.sp. 
(Plate la-d) 


Description of Holotype 

Elongate-ovate, equivalve, nearly equilateral, moderately inflated, umbones 
raised above dorsal margin, anterodorsal margin almost straight, anterior margin 
rounded, postero dorsal margin gently sloping, posterior margin widely rounded, 
ventral margin rounded. Sculpture similar on both valves with 28 strong rounded 
radial ribs, separated by interstices almost twice their width. Ribs finer antero and 
postero dorsally. Fine concentric grooves cross entire shell surface. Periostracum a 
thin film, microscopically lamellose towards margins, colouration fawn. Ligament 
compressed dorso ventrally. Hinge with 33 close-set teeth in a low arch, with 11 
central teeth minute; hinge plate very narrow. Muscle adductor scars well defined, 
anterior adductor scar elongate ventrally, posterior adductor scar smaller, 
rounded. Ventral margin crenulate, coarsely denticulate internally, corresponding 
to interstices of ribs. Colouration white, umbones red-brown, remainder of shell 
ornamented irregularly with red-brown dots or streaks on ribs, internally white, 
with dark-brown ventrally and posteriorly. 


Holotype 


WAM N-2773, | pv dredged 69 m., Zeewyk Channel, Houtman Abrolhos Is, 
WA. J. Seabrook on FRV “Lancelin”, Mar 1963. 
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Plate 1. 


a-d. Tucetona angusticosta n. sp. Holotype; WAM N-2773, 38 m Zeewyk Channel, 
Abrolhos Islands, WA. J.Seabrook. a, right valve, exterior; b, left valve, interior; c, 
posterior view; d, right valve, hinge. (All scales in mm) 

e-h. Tucetona scalarisculpta n sp. Holotype; WAM N-4448, NNW of Rottnest I, WA. 
110 m, B. R. Wilson. e, right valve, exterior; f, right valve, interior; g, posterior view; h, 
right valve hinge. (All scales in mm) 


36  K.Lamprell and T. Whitehead 











Paratypes 
WAM N-2773, 2 pv, same data as holotype. 

Dimensions 

Length Height Width 

(mm) (mm) (mm) 
Holotype 34 30 20 
Paratypes 26 23 16 

19 17 11.5 
Remarks 


Tucetona angusticosta cannot be easily confused with any other Australian 
Tucetona, due to its much narrower ribs and elongate-ovate shape. Tucetona 
angusticosta differs from T. flabellatus (Tenison Woods, 1878) in having more 
numerous strongly raised ribs and being less inflated. Tucetona scalarisculpta n. sp. 
from Western Australia has fewer, broader ribs than T. angusticosta, in addition 
has strong scalariform sculpture absent in Т. angusticosta. Tucetona angusticosta 
bears a superficial resemblance to species of Glycymeris (Tucetilla), particularly 
Glycymeris (Tucetilla) crebreliratus (Sowerby, 1889), from Queensland, but is 
differentiated by its larger size, smooth rather than nodulous ribs, which lack radial 
sculpture in the interstices, and in addition T. angusticosta lacks the hirsute 
periostracum seen in that species. 


Distribution 
At present known only from the type locality, Zeewyk Channel, Houtman 
Abrolhos Islands, Western Australia. 


Etymology 
Angusticosta = narrow ribs, from the Latin angustus = narrow, costa = rib. 


Tucetona scalarisculpta n.sp. 
(Plate le-h) 


Description of Holotype 

Orbicular, equivalve, equilateral, moderately inflated, umbones raised above 
dorsal margin, antero-dorsal margin slightly convex, anterior margin rounded, 
postero-dorsal margin almost straight, gently sloping, posterior margin convex, 
ventral margin rounded. Sculpture similar on both valves, with 20 strong radial 
ribs, which are broader medially, interstices as wide as ribs; fine concentric 
sculpture appears as raised lamellae in the interstices, which correspond with deep 
grooves on the ribs, which cut rib surface into series of flattened contiguous plates. 
Periostracum consists of thin light brown film, present in interstices of ribs and 
thicker near margins, where it is lamellose. Ligament compressed dorso ventrally, 
elongate and encroaching on hinge. Hinge-plate narrow, raised in gentle arch. 
There are 8 strong teeth both anteriorly and posteriorly, closely following the line 
of the plate, separated by a narrow edentuluous area beneath the umbones. Muscle 
adductor scars well defined, both anterior and posterior small and of equal size and 
shape, delimited medially by a ridge. Margins coarsely crenulate, denticulate 
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internally corresponding with interstices of ribs. Colouration white internally and 
externally. 


Holotype 
WAM N-4448, | pv NNW of Rottnest I, WA dredged 118 m, sponge & sand. B. 
R. Wilson on FRV “Bluefin”. Aug. 1962. 


Paratypes 

WAM N-4448, 1 pv, 1 lv, same data as holotype. WAM 3213-67, 1 rv 31922'S, 
115905'E, W of Cape Leschenault, WA, 85-89m, CSIRO stn 217, 1963. WAM 
3308-67 | pv, 2 rv W of Wend of Rottnest 1, WA, 152 m, FRV “Bluefin”, 1965. 
WAM 3214-67 Ipv W of W end of Rottnest I, WA, 145 m FRV “Bluefin”, 1965. 
WAM 3291-67 Ipv W of Rottnest I, WA, 136 m CSIRO stn 144, 1963. WAM 8-90 
1 lv E of Zeewyk Channel, Houtman Abrolhos Is, WA, 109-145 m, May 1960. 
WAM 4-90 1 rv W of Lancelin, WA, 112-121 m CSIRO stn 46, 1964. WAM 
3329-67 1 lv N of Dirk Hartog I, Shark Bay, WA, 72 m, Hawaiian WA Exped., 
1960. WAM 497-68 1 ру, 1 lv, | rv NW of Bluff Pt, WA, 127 m, CSIRO stn 131, 
1963. WAM N-4412 3 гу, 1 lv WNW of Rottnest 1, WA dredged 110-127m, sponge 
and sand, 1962. 


Other material examined 

WAM 3350-67 2 lv, 3 rv 16 km W of Bernier I, WA, in sand. 72 m, 24952'S; 
113°08’E, Hawaiian WA Exped., 1960. WAM 3301-67 2 rv, 1 lv., SW of Dongara, 
WA. 127 m, CSIRO stn 214, 1963. 


Dimensions 
Length Height Width 
(mm) (mm) (mm) 

Holotype WAM N-4448, | pv 34 30 20 

Paratypes WAM N-4448, | pv 26 25 15 
WAM N-4448, 1 lv 15:5 15 = 
WAM 3291-67, pv 13 12.9 7.7 
WAM 8-90, 1 lv 31 30.4 = 
WAM 4-90, 1 rv 31.9 30.8 — 
WAM 497-68, 1 pv 14.5 13.9 12.6 
WAM 497-68, 1 lv 12.9 12.2 — 
WAM 497-68, 1 rv 10.4 10.3 = 
WAM 4412, 3 rv 18.1 17.4 — 
WAM 4412, 3 rv 19.5 17.9 — 
WAM 4412, 3 rv 17.1 16.2 — 
WAM 4412, 1 lv 16.4 16.1 
WAM 3213-67, | rv 40 40.9 — 
WAM 3308-67, | pv 18.4 17.5 11 
WAM 3308-67, 2 rv 20.3 20.1 — 
WAM 3308-67, 1 Iv 18.5 18.2 — 


WAM 3214-67, 1 pv 30.8 32.9 22.5 
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Remarks 

Tucetona scalarisculpta is most similar in sculpture to juvenile specimens of Т. 
broadfooti (Iredale, 1929) from South Australia, but otherwise differs in being 
orbicular rather than dorso ventrally elongate, and in having fewer ribs (20-21 
rather than 25) with broader interstices. The hinge in 7. scalarisculpta has 8-11 
teeth on either side of the edentuluous area beneath the umbones, whereas in T. 
broadfooti there are 4 stout teeth anteriorly and 7 posteriorly. In addition all 
specimens of T. scalarisculpta are white, occasionally with faint, irregular brown 
spots on the ribs, in contrast to T. broadfooti which has red patterning antero and 
postero dorsally, with the rest of the shell pale brown, darker on the ribs. Adult T: 
broadfooti are not easily confused with T. scalarisculpta due to their larger size, 
and lack of sculpture in older specimens. T. scalarisculpta is somewhat similar to 
small specimens of Т. flabellatus (Tenison Woods, 1878) which occurs from South 
Australia to New South Wales, but may be separated by its better defined and more 
raised ribs which are separated by interstices of equal width, the interstices in T. 
flabellatus being never more than half the width of the ribs. In addition, 7. 
scalarisculpta is less inflated, lacks definite colour pattern and never grows to the 
size of adult T. flabellatus. The new species may be separated from small specimens 
of T. gealei (Angas, 1873) from south Queensland and New South Wales, by the 
absence of nodulous sculpture seen on the ribs of that species, which also differs in 
having interstices only half the width of the ribs. In addition T. scalarisculpta does 
not attain the size or colour pattern of adult T. gealei. Tucetona scalarisculpta may 
also be compared with T. diomedea (Dall, Bartsch & Rehder, 1938) and T. mauia 
(Dall, Bartsch & Rehder, 1938) from Hawaii. However both these species are of 
smaller size, have a greater number of ribs, and concentric sculpture of lamellose 
cords. Tucetona scalarisculpta is somewhat similar to the South Australian fossil 
species T. convexus (Tate, 1886) but differs in having fewer ribs, wider interstices 
and in lacking concentric lamellose sculpture on the ribs. 


Distribution 
From northwest of Cape Freycinet to west of Bernier І, Western Australia, in 72 
to 146 m. 


Etymology 
scalarisculpta = ladderlike sculpture, from the Latin scala = ladder, sculpta = 
carve or engrave. 


Family Mactridae Lamarck, 1809 
Genus Mactra Linnaeus, 1767 
Type species: Cardium stultorum Linnaeus, 1758 
Subgenus Mactra Linnaeus, 1767 


Mactra (Mactra) westralis n.sp. 
(Plate 2a-d) 


Description of Holotype 
Shell trigonal, equivalve, equilateral, moderately compressed, umbones 
prosogyrate; antero dorsal margin convex, steeply sloping, anterior margin widely 
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d 


Plate 2. 








a-d. Mactra (Mactra) westralis nsp. Holotype; WAM 942-89, Cape Leveque, north WA, 
K. Lamprell. a, right valve, exterior; b, right valve, interior; c, anterior view; d, left valve, 
hinge. (All scales in mm) 

e-h. Spisula (Notospisula) austini n sp. Holotype; MV F-57682, Gunn Point, Darwin, 
NT. J. Austin. e, right valve, exterior; f, right valve, interior; g, posterior view; h, right 
valve hinge. (All scales in mm) 
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rounded, postero dorsal margin almost straight, steeply sloping, posterior margin 
attenuate, ventral margin convex. Shell with moderate gape posteriorly, glossy, 
smooth. Lunule and escutcheon ill-defined, ligament large, triangular. Sculpture 
similar on both valves, consisting of microscopic concentric striae becoming 
obsolete towards the umbones. Hinge left valve, anterior lateral tooth, thin, long, 
posterior lateral long, thin; right valve, anterior laterals thin, long, anterior cardinal 
thin, oblique, posterior cardinal curved low in centre with ends elevated, posterior 
laterals long. Muscle adductor scars, anterior and posterior teardrop-shaped, well 
developed. Pallial sinus wide, shallow, rounded. Colouration white internally and 
externally, periostracum light straw coloured. 


Holotype 
WAM 942-89, 1 pv Cape Leveque, north WA, К. Lamprell, Aug. 1987. 


Paratypes 

MV F-4661, 2 pv Cable Beach, Broome, WA; WAM 943-89, 2 pv Karratha, 
WA, K.Lamprell, Sept 1987; QM MO 22854, 2 pv Cape Leveque, north WA, in 
front of lighthouse. K.Lamprell. Aug. 1987. AM C-157116, 2 pv Cape Leveque, 
north WA, in front of lighthouse. K. Lamprell. Aug. 1987. 











Dimensions 
Length Height Width 
(mm) (mm) (mm) 
Holotype WAM 942-89 1 pv 42 33 18 
Paratypes MV F-4661 2 pv 32 25 13 
Р 30 24 13 
WAM 943-89 2 ру 38 29 17 
38 28 17 
QM МО 22854 2 pv 37 29 11 
37 29 11 
АМ С-157116 2ру 40 30 18 
38 28 12 
Remarks 


The genotype, Mactra stultorum (Linnaeus, 1758), from the Mediterranean, is a 
large inflated species with brown rayed pattern, to which M. westralis bears little 
resemblance except in basic generic characters. Mactra ( Mactra) westralis is most 
similar to M. (M.) explanata Reeve, 1854 from north Western Australia, but differs 
from that species by its straight rather than concave posterior slope, less tumid 
shape medially and more elongate, angular posterior. In addition M. explanata has 
a much more robust shell than the new species. M. westralis is also similar to M. 
abbreviata Lamarck, 1809, which has a wide distribution in northern Australia, 
however, that species is much more inflated, with a broader and better defined 
lunule. The posterior muscle scar of M. abbreviata is large and round whereas in 
M. westralis it is smaller and teardrop-shaped. M. westralis is superficially similar 
to M. ( M.) pura Deshayes, 1854, from South Australia, but differs in being much 
less inflated and in having a straighter posterior slope and less coarse lateral teeth. 
In addition M. pura has a solid, heavy shell while that of M. westralis is much 
lighter and thinner. 
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Distribution 
North Western Australia from Shark Bay to Cape Leveque. 


Etymology 
Derived from its distribution, Western Australia, to which it appears to be 


restricted. 
Genus Spisula Gray, 1857 
Type species: Mactra truncata Montagu, 1808 
Subgenus Notospisula Iredale, 1930 
Type species: Gnathodon parvum Petit, 1853 [7 Mactra trigonella Lamarck, 1818] 


Spisula (Notospisula) austini n.sp. 
(Plate 2e-h) 

Description of Holotype 

Shell elongate-ovate, equivalve, almost equilateral, moderately inflated, thin; 
umbones orthogyrate, raised above margins, with a keel to postero ventral margin; 
antero dorsal margin slightly convex, gently sloping, anterior margin widely 
rounded, postero dorsal margin convex, gently sloping, posterior margin ventrally 
truncate; ventral margin gently convex. Anterior of shell is considerably broader 
than posterior. Sculpture similar on both valves, consisting of microscopic 
concentric striae, covered with a pale brown, transparent periostracum. Ligament 
small, triangular in deep resilifer. Hinge of left valve with anterior lateral long, 
strongly ridged ventrally, cardinal thin, posterior lateral long, strongly ridged 
ventrally; right valve with paired anterior and posterior laterals, long, moderately 
wide, strongly ridged along their adjacent surfaces, cardinals thin, short. Muscle 
attachment scars well defined, anterior adductor scar teardrop-shaped, posterior 
adductor scar rounded. Pallial sinus short, rounded. Colouration white internally 
and externally. 


Holotype 

MV F-57682, | pv on beach after rough weather, Gunn Point, Darwin, NT. J. 
Austin. June 1983. 
Paratypes 

AM C-157114, 1 pv same data as holotype. QM M0-22853, same data as 
holotype. 


Other material examined 
Lamprell Collection, 1 pv same data as holotype. 


Dimensions 
Length Height Width 
(mm) (mm) (mm) 
Holotype MV F-57682 l pv 14 9 6 
Paratypes AM C-157114 l pv 14 9 7 
Irv 15 10 4 
QM МО 22853 1 pv 16 10 8 
Lamprell Collection l pv 14 10 6 
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Remarks 

Spisula (Notospisula) austini which is distinguished from Spisula ss by the 
presence of ridged lateral teeth, cannot easily be confused with the only other 
Australian species of this subgenus, S. (N.) trigonella (Lamarck, 1818). This 
subgenus appears to be restricted to Australia. Spisula trigonella is much thicker, 
triangular, more inflated and grows to a much larger size than S. austini. Spisula 
(Spisula) parva (Petit, 1853), from Lord Howe Island, is an elongate form of S. 
trigonella, but still retains the characteristic trigonal shape of that species. 


Distribution 


At present known only from the type locality, Gunn Point, Darwin, Northern 
Territory. 


Etymology 
Named after Mr Jack Austin, who donated the specimens used in this study. 


Family Veneridae Rafinesque, 1815 
Genus Pitar Romer, 1857 
Type species: Venus tumens Gmelin, 1791 
Subgenus Pitarina Jukes-Browne, 1913 
Type species: Cytherea citrina Lamarck, 1818 


Pitar (Pitarina) spoori n.sp. 
(Plate 3a-d) 

Description of Holotype 

Shell trigonally ovate, equivalve, the anterior end of shell being less than one 
quarter of maximum length, moderately inflated, solid; umbones oblique, 
approximate, lunule large, heart-shaped, raised centrally, striate, surrounded by an 
impressed line; antero dorsal margin short, slightly convex, sharply sloping, 
narrowly rounded terminally; postero dorsal margin slightly convex, gently 
sloping, broadly truncate posteriorly; ventral margin widely convex. Shell appears 
smooth, microscopic sculpture similar on each valve, consisting of low concentric 
ridges and growth lines, smooth medially, with oblique striae anteriorly and 
posteriorly; periostracum thin, white, situated posteriorly and at the ventral 
margin. Ligament narrow, impressed. Hinge of left valve with anterior lateral tooth 
short and peg-like, anterior cardinal thin, acline, separated from median cardinal 
by inverted v-shaped socket; median cardinal solid, triangular, posterior cardinal 
free, thin, elongate and oblique, posterior lateral thin, parallel to nymph. Hinge of 
right valve with paired anterior lateral teeth, anterior cardinal short, narrow, 
median cardinal moderately wide, inverted v-shape, posterior cardinal oblique, 
long, bifid, posterior laterals paired, parallel to nymph. Muscle attachment scars 
well defined, anterior adductor scar teardrop-shaped, posterior adductor scar 
large, somewhat quadrate. Pallial line thick, ragged. Pallial sinus moderately 
shallow, wide, bluntly angulate terminally. Colouration white, with interrupted 
brown radial rays on the anterior two thirds of shell surface, a wide brown radial 
ray covers the posterior third of the shell, umbones and escutcheon white, 
escutcheon partly crossed by brown chevron pattern, internally white. 
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Plate 3. 


a-d. Pitar (Pitarina) spoori n sp. Holotype; AM C-133572, Bank Reef, north Qld. I. Loch. 
a, right valve, exterior; b, right valve, interior; c, anterior view; d, right valve hinge. (All 
scales in mm) 

e-h. Pitar (Pitarina) nancyae n sp. Holotype; QM MO 22851, Boyne I, central 
Queensland. N. Trevor. e, right valve, exterior; f, right valve, interior; g, anterior view; h, 
right valve, hinge. (All scales in mm) 
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Holotype 
AM C-133572, | pv 3-6 m, in gutters at top of drop off. NW tip of reef N of No. 5 
Bank Reef, N Qld, 13940'S; 144°09’E. I. Loch. 


Paratypes 

AM C-142104, Broadhurst Reef, E of Townsville, N Qld, subtidal, I. Loch 20th 
Jul 1975; QM MO 19860, 2 lv & 2 rv Orpheus I, N Qld, subtidal, Jul. 1985; AM 
C-155847, 1 lv & 2 rv Michaelmas Cay, off Cairns, N Qld, Gt Barrier Reef Boring 
Exp. T. Iredale & G. P. Whitley. May-Jun. 1926; AM C-148161, 1 lv & 2 rv 
Mystery Reef, Swain Reefs, Qld. 4-6 m around bommie in lagoon. I. Loch & K. 
Portch 12th Jan 1985; AM C-155850, I pv Wheeler Reef, N Qld, subtidal. I. Loch; 
AM C-155849, 2 rv Lizard I, N Qld, 6-17 m, in sandy rubble. W. Е. Ponder, P. Н. 
Colman & I. Loch 10th Dec 1974; AM C-155848, I lv Lizard I, N Qld, at base of 
reef, 9-12 т. №. Е. Ponder 11th Dec 1974. 


Other material examined 

AM C-33566, | pv Philippines, Purch. from Sowerby & Fulton. Pres. C. 
Hedley; AM C-155846, 1 pv Mauritius; AM C-80100, 1 rv inlet at N end of 
Kranket I, Madang, N coast Papua New Guinea, W. Е. Ponder & P. Colman 31st 
May 1970; AM C-155841, | pv Osprey Reef, W Coral Sea. 10-13 m coral and 
rubble on bommie, W side of lagoon. I. Loch & D. Young 15th Dec 1984; AM 
C-155845, I rv Pinamucan, Batangas Bay, Luzon I, Philippines. Coral reef, 2-4 m. 
C. Short 12th Dec 1975; BM NH Acc.no-2223, | pv Mombasa ; BM NH 902.12.30 
1 pv Aden. 











Dimensions 
Length Height Width 
(mm) (mm) (mm) 
Holotype AM C-133572, 1 pv 31 25 17 
Paratype AM C-142104, Ipv 29 23 16 
QM M0-19860, 2 lv & 2 rv 35 28 — larger 
AM C-155847, 11у & 2 rv 32 25 — larger 
AM C-148161, 1 lv & 2 rv 35 29 — larger 
AM C-155850, 1 pv 25 19 l4 
AM C-155849, 2rv 24 18 — larger 
AM C-155848, l lv 16 12 — 
Other material examined 
AM C-33566 (part), I pv 28 21 16 
Lamprell collection 1 pv 32 26 20 
l rv 3l 25 — 
1 lv 36 28 — 
Remarks 


Pitar (Pitarina) spoori bears little resemblence except in basic subgeneric 
characters, to P. (P.) citrina, type of the subgenus, which is much larger, more solid, 
and lacks the distinctive colouration of P. spoori. Pitar spooriis sympatric wih two 
other similar species of the subgenus Pitarina in Queensland. From P. subpellucida 
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(Sowerby, 1851) it differs in having the lunule better defined, the posterior broadly 
truncate rather than rounded and the pallial sinus is larger and more bluntly 
terminating. The oblique striae occurring anteriorly and posteriorly in P. spooriare 
lacking in P. subpellucida. The colour and distinctive pattern of P. spoori are 
remarkably constant in all the specimens examined, being quite different from the 
overall brown colouration of most P. subpellucida. In addition P. spooriis always 
white internally, while P. subpellucida is variably coloured with brown internally. 
Pitar spoori may be compared with P. limatula (Sowerby, 1851), but is more 
truncate posteriorly and lacks the dark brown colouration on the lunule and 
escutcheon that is characteristic of P. /imatula. Internally the pallial sinus of P. 
spoori is much wider than іп P. /imatula, in addition the new species lacks the 
central yellow colour and black dorsal margins of that species. Pitar spoori is also 
superficially similar to P. varians (Hanley, 1844) from Brazil, and P. hebraea 
(Lamarck, 1818) from the Indian Ocean, but may easily be separated from these by 
its more elongate and truncate posterior. 


Distribution 
Tropical Indo-Pacific, from the Western Indian Ocean to the Western Pacific. 


Etymology 
Named after Mr Phillip Spoor of Townsville who first brought this species to 
our attention and donated specimens for study. 


Pitar (Pitarina) nancyae n. sp. 
(Plate 3e-h) 


Description of Holotype 

Shell elongate-ovate, equivalve, inequilateral, the anterior being 1/3 of the shell 
length; moderately inflated, moderately solid; umbones prosogyrate, approximate, 
lunule impressed, raised centrally, striated, surrounded by an impressed line; 
anterodorsal margin short, concave, sloping, rounded at its termination and 
attenuate (more apparent in smaller specimens), posterior margin convex, broadly 
truncate at its termination, ventral margin evenly convex. Sculpture similar on 
both valves consisting of microscopic concentric lines and stronger concentric 
growth pauses, periostracum straw coloured, most obvious posteriorly. Ligament 
impressed, area narrow. Hinge of left valve with anterior lateral tooth peg-like; 
anterior cardinal thin, joined at its apex with a rather thick median cardinal tooth, 
separated by a deep pit; posterior cardinal strong, oblique, almost parallel to the 
escutcheon; posterior lateral long, parallel to the escutcheon. Hinge of right valve 
with anterior lateral teeth separated by a deep pit to take the peg-like tooth in the 
left valve; anterior cardinal thin, acline; median cardinal, thin, acline, separate; 
posterior cardinal moderately long, almost parallel to the escutcheon, bifid; 
posterior lateral, long, parallel to the escutcheon. Muscle adductor scars poorly 
defined, anterior adductor scar teardrop-shaped, posterior larger, rounded. Pallial 
line doubled. Pallial sinus moderately deep, ascending, rounded terminally. 
Colouration glossy white externally, with wide broken rays of tan, lunule and 
escutcheon coloured similarly, but markings not reaching valve margins; umbones 
purple tipped anteriorly, internally glossy white, with a small pale purple spot 
beneath. 
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Holotype 
QM M022851, 1 pv on sand among shell debris after strong winds, Boyne I, Qld, 
on beach near mouth of river, at low tide. N. Trevor Feb 1988. 


Paratypes 

AM C-160472, 1 preserved specimen, same data as holotype; AM C-160473, 1 
pv drgd. іп 9 m, sand and rubble between Palm I and Cuacoa I, N Qld. К. Lamprell 
& P. Spoor; WAM 940-89, 1 pv drgd. in 9 m, sand and rubble between Palm I and 
Cuacoa I, N Qld. K. Lamprell & P. Spoor; MV F-57680, | pv onsand among shell 
debris after strong winds, Boyne I, Qld, on beach near mouth of river, at low tide. 
N. Trevor Jan 1988. 


Other material examined 

Lamprell Collection: | pv on sand and mud among shell debris, Turkey beach, 
central Qld at low tide. B. Heidke 1987; 1 pv on sand among shell debris after 
strong winds, Boyne I, Qld, on beach near mouth of river, at low tide. N. Trevor 
Feb 1988; 1 pv on sand among shell debris, Malaita, Solomon Is., A. & B. 
Boorman; 1 pv on sand among shell debris, at low tide, Dingo Beach, N Qld. J. 
Lamprell Jul 1987; 1 pv on sand among shell, Keppel Bay, central Qld. obtained 
from Mrs E.Coucom. 











Dimensions 
Length Height Width 
(mm) (mm) (mm) 
Holotype QM MO 22851, 1 pv 34 28 19 
Paratypes 
AM C-160472, 1 pv preserved 27 22 17 
AM C-160473, 1 pv 21 17 12 
WAM 940-89, 1 pv 22 18 13 
MV F-57680, 1 pv 27 22 12 
Lamprell Collection 17 pv 14-35 12-29 9-22 
Remarks 


Pitar (Pitarina) nancyae bears little resemblence except in basic subgeneric 
characters, to P. (P.)citrina, type of the subgenus, which is much larger, more solid, 
and lacks the distinctive colouration of P. nancyae. Pitar nancyae is most likely to 
be confused with juvenile examples of P.(P.) affinis (Gmelin, 1791) which also 
occurs in Queensland, but differs in being more elongate and attenuate posteriorly, 
in having an impressed line around the lunule. In addition the pallial sinus in Р. 
nancyae is ascending, whereas the pallial sinus in P. affinis of the same size lies 
horizontally and is wider terminally, while the pit separating the anterior and 
median cardinal teeth is much narrower in P. nancyae, corresponding with the 
width of the corresponding cardinal tooth on the opposite valve. Adults of P. 
affinis and P. nancyae are readily separated, the latter attaining a maximum length 
of 36 mm, while P. affinis grows to 75 mm in length and has a heavier shell. P. 
nancyae is somewhat similar to P. hebraea (Lamarck, 1818) from the Indian 
Ocean, but is less attenuate and broadly convex posteriorly, rather than narrowly 
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truncate. In P. hebraea the pallial sinus is wide, rounded and not ascending as in P. 
nancyae. P. nancyae is also superficially similar to P. varians (Hanley, 1844), from 
Brazil, however the postero dorsal margin of P. varians is longer and slopes more 
steeply than that of P. nancyae. In addition P. nancyae is more inflated than P. 
varians, has the pallial sinus ascending rather than parallel to the pallial line, and 
the median and anterior cardinal teeth less widely spaced and joined at their apex. 
Compared with P. sophiae (Angas, 1877), which occurs in south Queensland, P. 
nancyae attains a much larger size, is far more inflated and does not have the 
characteristic red spotting beneath the umbones seen in P. sophiae. 


Distribution 
Central to north Queensland and the Solomon Islands. It is probable that this 
species will eventually be found to have a wider distribution in the Western Pacific. 


Etymology 
Named after the late Mrs Nancy Plumb of Yeppoon, Queensland, who has done 
much to further the study of Australian bivalve molluscs. 


Pitar (Pitarina) trevori n. sp. 
(Plate 4a-d) 


Description of Holotype 

Shell ovate, equivalve, inequilateral, the anterior end of shell being 1/3 of the 
shell length; moderately inflated, thin, glossy; umbones approximate, lunule heart- 
shaped, striated, surrounded by an impressed line; antero dorsal margin 
moderately convex, sharply sloping, somewhat rounded terminally; postero dorsal 
margin almost straight, gently sloping, posterior margin widely rounded; ventral 
margin convex. Sculpture similar on each valve, consisting of very fine, concentric 
lines and growth pauses; periostracum grey, with sand adhering to most of shell 
surface particularly posteriorly. Ligament narrow, impressed. Hinge of left valve 
with anterior lateral tooth long, peg-like, moderately thick; anterior cardinal, thin, 
slightly oblique; median cardinal solid, broad, raised posteriorly, separated by a 
wide pit from the posterior cardinal which is thin and oblique; posterior lateral 
long, thin, parallel to the nymph. Hinge of right valve with paired anterior laterals, 
separated by a deep pit; anterior cardinal thin, acline; median cardinal thin, acline, 
separated by a wide pit from the posterior cardinal which is oblique and bifid; 
posterior lateral long, solid, parallel to the nymph. Muscle adductor scars well 
defined, anterior adductor scar long, narrow, posterior adductor scar large, 
teardrop-shaped. Pallial line doubled, ragged. Pallial sinus short, wide, ascending, 
rounded terminally. Colouration off-white externally, sometimes with faint brown 
radial rays posteriorly, internally white often with yellow marginally and at the 
posterior adductor scar. 


Holotype 
QM М0 22850, | pv on sand flats at low tide, Dingo Beach, N Qld. Coll. on low 
tide, J. Lamprell Jul 1987. 


Paratypes 

MV F-57679, | pv same data as holotype. AM C-160471, I pv same data as 
holotype. WAM 939-89, 1 pv on sand flats at low tide, Gove, NT. К. Lamprell Aug 
1987. 
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Plate 4. 


a-d. Pitar (Pitarina) trevori n sp. Holotype; QM MO 22850, Dingo Beach, north Qld. J. 
Lamprell. a, right valve, exterior; b, right valve, interior; c, anterior view; d,right valve, 
hinge. (All scales in mm) 

e-h. Lioconcha (Lioconcha) annettae n sp. Holotype; QM MO 22852, Swains Reef, 


central Qld. D. & V. Harris. e, right valve, exterior; f, right valve, interior; g, anterior view; 
h, right valve, hinge. (All scales in mm) 
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Other material examined 
Lamprell Collection: 2 pv Turtle I, Fiji. On sand flats at low tide. K. & J. 
Lamprell, 1979; 6 pv Kurramine Beach, N. Qld. K. Lamprell. 1982. 


Dimensions 





Length Height Width 

(mm) (mm) (mm) 
Holotype QM МО 22850, 1 pv 30 28 19 
Paratypes MV F-57679, 1 pv 32 27 19 
AM C-160471, 1 pv 31 27 19 
WAM 939-89, 1 pv 27 23 15 

Lamprell Collection 44 pv 15-36 12-31 9-22 


Remarks 

Pitar (Pitarina) trevori may be separated from the sympatric and superficially 
similar P.(P.) pellucida (Lamarck, 1818), by the lunule being defined by an incised 
line which is absent in the latter species. Pitar pellucida is a more elongate-ovate 
and compressed species, while P. trevoriis more inflated and trigonal. In addition, 
P. trevori lacks the characteristic light brown reticulate pattern, brown umbones 
and purple spot beneath them usually seen in P. pellucida. Compared with the 
sympatric P. (P.) limatula (Sowerby, 1851), P. trevori is more triangularly 
elongate, has thinner and more widely spaced anterior and median cardinal teeth, 
and lacks the rich cream external colour, dark brown lunule and escutcheon, and 
internal deep orange colouration characteristic of P. limatula. 


Distribution 

Central Queensland to Northern Territory and Fiji. It is likely that this species 
has a wider distribution in the South West Pacific than indicated by the available 
material. 


Etymology 

Named after Mr Noel Trevor of Boyne I, Queensland, who has collected widely 
in all Australian States and has been very helpful in providing us with material for 
study. 


Genus Lioconcha Morch, 1853 
Type species Venus castrensis Linnaeus, 1758 


Subgenus Lioconcha Mórch, 1853 


Lioconcha (Lioconcha) annettae n. sp. 
(Plate 4e-h) 

Description of Holotype 

Shell trigonal, attenuate posteriorly, equivalve, inequilateral the anterior end 
being 1/4 of the shell surface, moderately inflated, solid. Umbones moderately 
separated, lunule lanceolate, impressed, striate, ill-defined, surrounded by a faint 
incised line. Antero dorsal margin convex, short, steeply sloping, rounded 
terminally; postero dorsal margin long, slightly convex, steeply sloping, narrowly 
rounded and attenuate terminally; ventral margin convex, rising sharply 
anteriorly. Sculpture similar on each valve, consisting of fine, dense, concentric 
ridges, umbones smooth, periostracum straw coloured. Ligament thin, impressed. 
Hinge of left valve with the anterior lateral tooth thick, peg-like; anterior cardinal 
moderately thin, joined at its apex with a thick, elongate, triangular median tooth, 
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separated by a deep pit; posterior cardinal separated from the median tooth by a 
moderately wide pit; posterior lateral moderately long, thin, slightly convex and 
parallel to the nymph. Hinge of right valve with the anterior lateral teeth thick and 
separated by a deep pit; anterior cardinal solid, peg-like, separated by a narrow pit 
from the median tooth which is triangular and moderately thick, separate, 
posterior cardinal oblique, thick; posterior lateral long, low and parallel to the 
nymph. Muscle adductor scars well defined, anterior adductor scar is elongate- 
ovate, the posterior adductor scar teardrop-shaped, of almost equal size. Pallial 
line wide, set well inside the ventral margin. Pallial sinus very shallow. Colouration 
white, with chestnut-red and dark brown hieroglyphic patterns, internally white, 
canary yellow centrally; lunule white, with purple spots beneath umbones. 


Holotype 
QM МО 22852, 1 pv dredged Swain Reefs, central Qld, in coral sand. D. & V. 
Harris. 1986. 


Paratypes 

AM C-160474, 1 pv dredged 3-7 m, Lady Musgrave Lagoon, central Qld, in 
coral sand, D. & V. Harris, 1986; WAM 941-89 1 pv dredged 3-7 m, Lady 
Musgrave Lagoon, central Qld, in coral sand, D. & V. Harris, 1986; MV F-57681,1 
pv dredged 3-7 m, Kelso Reef, N Qld, in coral sand, K. Lamprell and P. Spoor, 
Aug 1985. 


Other material examined 
Lamprell Collection: 2 pv Taylor Reef, N Qld, K. Lamprell, 1985; 1 pv North 
West I, in coral sand in gutter, 0.3 m, K. Lamprell, 1981. 











Dimensions 
Length Height Width 
(mm) (mm) (mm) 
Holotype QM MO 22852, 1 pv 39 31 23 
Paratypes AM C-160474, 1 pv 35 31 21 
WAM 941-89, 1 pv 27 22 16 
MV F-57681, 1 pv 24 20 15 
Remarks 


Lioconcha annettae has long been misidentified as L. tigrina (Lamarck, 1819), 
probably because Sowerby (1851) figured a species similarto L. annettae from the 
Philippines as L. tigrina. Lioconcha tigrina is a distinct Indian Ocean species. The 
type (fig.1) Museum d'Histoire Naturelle, Geneva, Lamarck collection 1084/35, 
No. 34, differs from annettae in being ovate, less attenuate, more widely rounded 
posteriorly, and much more coarsely ridged concentrically. The colour pattern of 
L. tigrina is consistently of small adjacent red-brown triangles in close concentric 
rows, often producing a striped pattern, not finely and irregularly reticulate as in L. 
annettae. A specimen from the Western Indian Ocean, which agrees with 
Lamarck’s type, is in the Queensland Museum, (QM MO 9893). Four specimens 
similar to those figured by Sowerby appear inlot (QM MO 14448). These are from 
the Philippines and are different from L. tigrina and L. annettae, but of uncertain 
identity. They are somewhat similar in shape to L. annettae but are distinguished 
by being more attenuate posteriorly, with straight postero-dorsal margin and lack 
purple spots beneath the umbones. In colouration, the Philippine species is 
distinguished from L. annettae by its irregular, bold pattern of dark brown or black 
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triangles, dark brown lunule and dark brown colouration internally towards the 
ventral margin. L. (L.) annettae is distinguished from L. (L.) fastigiata (Sowerby, 
1851), which occurs coastally in central and north Queensland, but only rarely on 
the Great Barrier Reef, by its much more attenuate and compressed posterior end, 
larger size, up to 40 mm max. length, in having a longer median cardinal tooth and 
an anterior lateral tooth which has a narrower pit than in L. fastigiata. In addition 
L. annettae is more coarsely sculptured than L. fastigiata. The reticulate colour 
pattern which is constant in both species, is rather nebulous, and irregularly netted 
in L. annettae, but bold and regular in L. fastigiata, L. annettae also lacks the black 
colouration of the lunule always present in L. fastigiata. 








Figure 9. Holotype of Lioconcha tigrina (Lamarck, 1819) 


Distribution 
Queensland, Great Barrier Reef. 


Etymology 
Named after Mrs Annette Whitney, who has provided much useful material and 
information for our study of Australian bivalves. 
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ABSTRACT 


A simple checklist of the opisthobranch molluscs recorded from Fiji is 
presented and contains 253 species. Only six of the nine opisthobranch orders 
are included — Cephalaspidea (43 species), Entomotaeniata (6), Anaspidea 
(6), Notaspidea (7), Sacoglossa (29) and Nudibranchia (162). A brief 
comparison of these groups with northeastern Australia highlights two main 
points: the potential for new records from Fiji and the large number of still 
unidentified species already found. 


INTRODUCTION 


The islands of the Fiji Group are located between latitude 12° to 20° South and 
longitude 176? East to 178? West. The group consists of over 360 islands which are 
surrounded by a maze of reefs. The prevailing winds are southeast trades and the 
surface current flows south-westerly. Precipitation is high, being up to 3000 mm in 
the southeast of the largest island, Viti Levu; within the group it varies with land 
form (Haynes, 1985). Water temperature is always above 20°C, with a summer 
ocean surface maximum of about 30°C and a mean annual variation of about 6°C. 
Neap tides have a mean range of 0.9 m and springs 1.30 m. Tides are semidiurnal 
with the lowest springs falling duringthe night insummer (November-January) but 
during the day in winter (June-August) (Ryland, 1981a; 1981b). 


The estimation of diversity of opisthobranch molluscs in Fiji has, until recently, 
only been based on relatively short collecting trips by overseas specialists (e.g. M.C. 
Miller in May 1968, W.B. Rudman in April 1971, M.P. Morse from September 
1978 to May 1979, R.C. Willan in July 1987), and enthusiastic collection by 
resident biologists concentrating on other reef species (e.g. B. Carlson 1972-1976). 
The exception is the shelled opisthobranchs which were studied by W.O. 
Cernohorsky during his residence in Fiji. 


Although these collections have contributed, in varying degrees, to some 
interesting publications (Eliot & Evans, 1908; Burn, 1966; Miller, 1969; Er. Marcus 
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& Ev. Marcus, 1970; Rudman, 1971, 1973a, 1973b, 1974, 1977, 1978, 1982, 1983, 
1984, 1985, 1986a, 1986b; Cernohorsky, 1972, 1977; Willan, 1984, 1988), until now, 
no checklist of the opisthobranch molluscs found in Fiji has been compiled. A large 
number of the species recorded in this list were found by the present authors during 
the period December 1983 to January 1988. The resulting collection of preserved 
material, which has already led to some publications (Thompson & Brodie, 1988; 
Willan & Brodie, 1989), is presently being lodged with the Queensland Museum 
(North Queensland Branch), Townsville, Australia. 


CLASSIFICATION 
Phylum : MOLLUSCA 
Class : GASTROPODA 
Subclass : OPISTHOBRANCHIA 


Orders : Cephalaspidea (Bubble shells) 
: Entomotaeniata (Pyramidellids) 

Thecosomata (Sea butterflies) 
Gymnosomata (Naked sea butterflies) 
Anaspidea (Sea hares) 
Notaspidea (Side-gilled sea slugs) 
Acochlidiacea (Caddis slugs) 
Sacoglossa (Sap-sucking sea slugs) 
Nudibranchia (Nudibranchs) 


Only six of the above nine opisthobranch orders will be covered by this checklist, 
namely Cephalaspidea, Entomotaeniata, Anaspidea, Notaspidea, Sacoglossa and 
Nudibranchia. One unidentified member of the acochlidiacean genus Acochlidium 
has been found ina freshwater habitat by Dr Alison Haynes of the University of the 
South Pacific (Haynes, 1988). Four other members of this order, including the 
genera Hedylopsis and Microhedyle, have reportedly been found in an interstitial 
marine environment (Morse, 1979, 1980, 1981). No other members of this group 
are knownto the authors from Fiji. The two remaining orders, Gymnosomata and 
Thecosomata, both contain only pelagic species and will not be dealt with here. 


Order Cephalaspidea (=Bullomorpha) 


Family Acteonidae 
Acteon variegatus (Bruguiere, 1789) 
Acteon virgatus (Reeve, 1842) 
Bullina lineata (Gray, 1825) 
Pupa alveola (Souverbie, 1863) 
Pupa nitidula (Lamarck, 1816) 
Pupa solidula (Linnaeus, 1758) 
Pupa sulcata (Gmelin, 1791) 


Family Aglajidae 
Aglaja orientalis Baba, 1949 
Aglaja gardineri (Eliot, 1903)- Philinopsis gardineri; in Rudman, 1972 
Chelidonura hirundinina (Quoy & Gaimard, 1832) 
Chelidonura inornata Baba, 1949 
Chelidonura varians Eliot, 1903 
Chelidonura pallida Risbec, 1951 
Chelidonura cf. sandrana Rudman, 1973 
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Philinopsis cyanea (Martens, 1879) 
Philinopsis pilsbryi (Eliot, 1900) 


Family Haminoeidae 
Atys naucum (Linnaeus, 1758) 
Atys cylindrica (Helbling, 1779) 
Atys cf. cylindrica (Helbling, 1779) 
Atys sp. (1) 
Haminoea cymbalum (Quoy & Gaimard, 1835) 
Haminoea aff. cymbalum (Quoy & Gaimard, 1835) 
Haminoea galba Pease, 1861 
Haminoea cf. galba Pease, 1861 
Haminoea sp. (1) 
Liloa curta (A. Adams in Sowerby, 1850) 
Phanerophthalmus smaragdinus (Rüppell & Leuckart, 1828) 


Family Philinidae 
Philine orca Gosliner, 1988 
Philine rubrata Gosliner, 1988 


Family Bullidae 
Bulla ampulla Linnaeus, 1758 
Bulla vernicosa Gould, 1859 
Bulla punctulata A. Adams in Sowerby, 1850 


Family Cylichnidae 
Tornataiha decorata Pilsbry, 1904 
= Bulla voluta (Quoy and Gaimard, 1833); in Cernohorsky, 1977 
= Bulla voluta Gmelin, 1791; in Cernohorsky, 1977 
=Tornatina gaimardi Finlay, 1927; in Cernohorsky, 1977 


Family Diaphanidae 
Colpodaspis thompsoni Brown, 1979 


Family Gastropteridae 
Gastropteron flavum Tokioka & Baba, 1964 
Gastropteron sp. (1) 
Sagaminopteron nigropunctatum Carlson & Hoff, 1973 
Sagaminopteron psychedelicum Carlson & Hoff, 1974 


Family Hydatinidae 
Aplustrum amplustre (Linnaeus, 1758) = Hydatina amplustre; in Bertsch & 
Johnson, 1981 
Hydatina physis (Linnaeus, 1758) 
Micromelo undatus (Bruguiere, 1792) = Micromelo guamensis (Quoy & 
` Gaimard, 1825); in Bersch & Johnson, 1981. 


Family Runcinidae 
Runcina fijiensis Thompson & Brodie, 1988 
Runcina marshae Burn, 1966 


Order Entomotaeniata (= Pyramidellomorpha) 


Family Pyramidellidae 
Otopleura nodicincta (A. Adams, 1855) 
Otopleura mitralis (A. Adams, 1855) 
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Pyramidella dolabrata (Linnaeus, 1758) 
Pyramidella terebellum (Müller, 1774) 
Pyramidella acus (Gmelin, 1791) 
Pyramidella sulcata (A. Adams, 1855) 


Order Anaspidea (=Aplysiomorpha) 


Family Aplysiidae 

Aplysia dactylomela Rang, 1828 

Aplysia parvula Guilding in Mórch, 1863 

Dolabella auricularia (Lightfoot, 1786) 

Dolabrifera dolabrifera (Cuvier, 1817) 

Notarchus indicus Schweigger, 1820 

Stylocheilus longicauda (Quoy & Gaimard, 1824) 
= ? Stylocheilus risbeci; in Morse, 1979 


Order Notaspidea (=Pleurobranchomorpha) 


Family Umbraculidae 1 
Umbraculum umbraculum (Lightfoot, 1786) = Umbraculum sinicum (Gmelin, 
1791); in Thompson, 1970 


Family Pleurobranchidae 
Berthella martensi (Pilsbry, 1896) 
Berthella stellata (Risso, 1818) =Berthella pellucida (Pease, 1860); in Willan, 
1984 
Berthellina citrina (Rüppell & Leuckart, 1828) 
Pleurobranchus albiguttatus (Bergh, 1905) 
Pleurobranchus forskali Rüppell & Leuckart, 1828 
Pleurobranchus grandis Pease, 1868 


Order Sacoglossa (-Pellibranchiata) 
Order Sacoglossa (- Pellibranchiata, Monostichoglossa, - Ascoglossa). 


Family Volvatellidae (= Cylindrobullidae) 
Volvatella ficula Burn, 1966 
Volvatella sp. (1) 


Family Oxynoidae 
Oxynce viridis (Pease, 1863) 
Oxynoe cf. viridis (Pease, 1863) 


Family Lobigeridae 
Lobiga viridis (Pease, 1863) 


Family Juliidae 
Julia exquisita Gould, 1862 


Family Bertheliniidae 
Tarnanovala fijiensis Burn, 1966 


Family Elysiidae 
Elysia bayeri Er. Marcus, 1965 = Elysia ratna Er. Marcus, 1965 
Elysia bennettae Thompson, 1973 
Elysia aff. bennettae Thompson, 1973 
Elysia grandifolia Kelaart, 1859 
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Elysia gracilis Risbec, 1928 
Elysia livida Baba, 1955 

Elysia aff. livida Baba, 1955 
Elysia marginata (Pease, 1871) 
Elysia ornata Swainson, 1840 
Elysia rufescens (Pease, 1871) 
Elysia vatae Risbec, 1928 
Elysia yaeyamana Baba, 1937 
Elysia cf. caerulea Kelaart, 1859 
Elysia sp. (1) 

Elysia sp. (2) 

Placobranchus ocellatus Hasselt, 1824 


Family Hermaeidae 
Hermaea cf. dendritica (Alder & Hancock, 1843) 
Stiliger sp.(1) 


Family Caliphyllidae 
Cyerce aff. nigricans (Pease 1866) =Cyerce nigra; in George & George, 1979 
Cyerce elegans Bergh, 1871 
Cyerce sp. (1) 
Phyllobranchillus orientalis (Kelaart, 1858) 


Order Nudibranchia 
SUPERFAMILY DORIDOIDEA 


Family Hexabranchidae 
Hexabranchus sanguineus (Riippell & Leuckart, 1828) 


Family Polyceridae 
Kaloplocamus yatesi (Angas, 1864) 
Plocamophorus cf. ceylonicus (Kelaart, 1858) 
Nembrotha lineolata Bergh, 1905 
Roboastra gracilis (Bergh, 1905) 
Tambja affinis (Eliot, 1904) 
Tambja morosa (Bergh, 1877) 
Tambja cf. oliva Meyer, 1977 
Tambja sp. (1) 
Polycera sp. (1) 


Family Aegiridae 
Aegires citrinus Pruvot-Fol, 1930 
Aegires villosus Farran, 1905 


Family Gymnodorididae 
Gymnodoris cf. bicolor (Alder & Hancock, 1864) 
Gymnodoris ceylonica (Kelaart, 1858) 
Gymnodoris aurita (Gould, 1852) 
Gymnodoris sp. (1) 
Gymnodoris sp. (2) 
Gymnodoris sp. (3) 
Gymnodoris sp. (4) 
Gymnodoris sp. (5) 
Gymnodoris sp. (6) =Gymnodoris sp.; No.28 in Willan & Coleman, 1984 
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Gymnodoris sp. (7) 
Gymnodoris sp. (8) 
Gymnodoris sp. (9) 
Gymnodoris sp. (10) 


Family Okeniidae 
Trapania sp. (1) 
Goniodoris sp. (1) 
Okenia sp. (1) 


Family Dorididae 
Doris spiraculata Gould, 1852 
Aldisa pikokai Bertsch & Johnson, 1981 
Alloiodoris sp. (1) 
Asteronotus cespitosus (Hasselt, 1824) - Doris cerabralis Gould, 1852 
Atagema sp. (1) 
Discodoris boholiensis (Bergh, 1877) 
Discodoris concinna (Alder & Hancock, 1864) 
Discodoris cf. concinna (Alder & Hancock, 1864) 
Discodoris fragilis (Alder & Hancock, 1864) 
Doriopsis granulosa Pease, 1860 
Doriopsis viridis Pease, 1861 
Halgerda carlsoni Rudman, 1978 
Halgerda aurantiomaculata (Allan, 1932) 
Halgerda sp. (1) 
Hoplodoris nodulosa (Angas, 1864) 
Jorunna funebris (Kelaart, 1858) 
Jorunna sp. (1) 
Jorunna sp. (2) 
Jorunna sp. (3) 
Jorunna sp. (4) 
Platydoris cruenta (Quoy & Gaimard, 1832) 
Platydoris formosa (Alder & Hancock, 1864) 
Platydoris radiata (Hassell, 1824) 
Platydoris scabra (Cuvier, 1804) 
Sebadoris nubilosa (Pease, 1871) 
Sclerodoris apiculata (Alder & Hancock, 1864) 
Sclerodoris sp. (1) 
Sclerodoris sp. (2) 
Sclerodoris sp. (3) 
Sclerodoris sp. (4) 
Thordisa sp. (1) 
Trippa intecta (Kelaart, 1858) 
Trippa spongiosa (Kelaart, 1858) 
Trippa aff. spongiosa (Kelaart, 1858) 
Trippa sp. (1) 


Family Actinocyclidae 
Actinocyclus japonicus (Eliot, 1913) 
Hallaxa sp. (1) 
Hallaxa sp. (2) 
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Family Chromodorididae 

Cadlinella ornatissima (Risbec, 1928) 

Chromodoris aspersa (Gould, 1852) =Chromodoris inornata Pease, 1871; in 
Willan & Coleman, 1984 

Chromodoris cf. aureopurpurea Collingwood, 1881 

Chromodoris bimaensis (Bergh, 1905) 

Chromodoris bullocki Collingwood, 1881 

Chromodoris coi (Risbec, 1956) 

Chromodoris colemani Rudman, 1982 

Chromodoris decora (Pease, 1860) 

Chromodoris elizabethina Bergh, 1877 

Chromodoris fidelis (Kelaart, 1858) 

Chromodoris geometrica Risbec, 1928 

Chromodoris lochi Rudman, 1982 

Chromodoris preciosa (Kelaart, 1858) 

Chromodoris cf. imperialis (Pease, 1868) 

Chromodoris sp. (1) 

Durvilledoris lemniscata (Quoy & Gaimard, 1832) un. 

Glossodoris atromarginata (Cuvier, 1804) = Casella atromarginata (Cuvier); in 
Thompson, 1972 

Glossodoris carlsoni Rudman, 1986 

Glossodoris cincta (Bergh, 1888) 

Glossodoris hikuerensis (Pruvot-fol, 1954) 

Glossodoris pallida (Ruppell & Leuckart, 1828) 

Glossodoris rufomarginata (Bergh, 1890) =Chromodoris youngbleuthi Kay & 
Young, 1969; in Rudman, 1973a = Chromolaichma youngbleuthi Kay & 
Young; in Bertsch & Johnson, 1981 

Glossodoris sibogae (Bergh, 1905) 

Ardeadoris scottjohnsoni Bertsch & Gosliner, 1989 

Hypselodoris obscura (Stimpson, 1855) р 

Hypselodoris maculosa Pease, 1871 =Chromodoris decorata Risbec, 1928; in 
Willan & Coleman, 1984 =Hypselodoris decorata; in Rudman, 1984 

Hypselodoris cf. nigrostriata (Eliot, 1904) 

Miamira sinuata (Hasselt, 1824) 

Noumea purpurea Baba, 1949 =Noumea norba Er. Marcus & Ev. Marcus, 
1970; in Er. Marcus & Ev.Marcus, 1970 

Noumea romeri Risbec, 1928 

Noumea flava (Eliot, 1904) 

Noumea varians (Pease, 1871) 

Pectenodoris trilineata (A. Adams & Reeve, 1850) =Chromodoris virgata 
Bergh, 1905; in Willan & Coleman, 1984 


Family Dendrodorididae 
Dendrodoris albobrunnea Allan, 1933 
Dendrodoris denisoni (Angas, 1864) 
Dendrodoris nigra (Stimpson, 1855) 
Dendrodoris tuberculosa (Quoy & Gaimard, 1832) 
Dendrodoris sp. (1) 


Family Phyllidiidae 
Phyllidia coelestis Bergh, 1905 
Phyllidia elegans Bergh, 1869 


60 


G.D. Brodie and J.E. Brodie 


Phyllidia loricata Bergh, 1863 
Phyllidia nobilis Bergh, 1869 
Phyllidia ocellata Cuvier, 1804 
Phyllidia pustulosa Cuvier, 1804 
Phyllidia varicosa Lamarck, 1801 
Phyllidia cf. annulata Gray, 1853 
Phyllidia sp. (1) 

Phyllidiopsis striata Bergh, 1888 
Phyllidiopsis cardinalis Bergh, 1876 
Fryeria rueppelii (Bergh, 1869) 
Fryeria sp. (1) 


SUPERFAMILY AEOLIDOIDEA 


Family Flabellinidae 


Flabellina alisonae Gosliner, 1980 
Flabellina rubrolineata (O’ Donoghue, 1929) 
Flabellina aff. macassarana Bergh, 1905 
Flabellina aff. poenicia (Burn, 1957) 


Family Eubranchidae 


Eubranchus sp. (1) 


Family Aeolidiidae 


Aeolidiella indica Bergh, 1888 =Aeolidiella takanosimensis Baba, 1930; in 
Bertsch & Johnson, 1981 

Aeolidiella sp. (1) 

Aeolidiella sp. (2) 

Aeolidiella sp. (3) 

Aeolidiella sp. (4) 

Aeolidiella sp. (5) 

Berghia amakusana (Baba, 1937) =Spurilla amakusana; in Willan & Coleman, 
1984 

Cerberilla annulata (Quoy & Gaimard, 1832) 


Family Glaucidae 


Glaucus atlanticus Forster, 1777 


Family Facelinidae 


Favorinus japonicus Baba, 1949 
Herviella cf. claror Burn, 1963 
Palisa sp. (1) 

Phidiana bourailli (Risbec, 1928) 
Phidiana indica (Bergh, 1896) 
Phidiana militaris (Alder & Hancock, 1864) 
Phidiana aff. indica (Bergh, 1896) 
Phidiana sp. (1) 

Phidiana sp. (2) 

Phyllodesmium sp. (1) 

Pteraeolidia ianthina (Angas, 1864) 
Sakuraeolis sp. (1) 


Family Teregepedididae 


Cuthona sp. (1) 
Phestilla melanobranchia Bergh, 1874 
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Phestilla lugubris (Bergh, 1870) =Phestilla sibogae Bergh, 1905; in Bertsch & 
Johnson, 1981 
Phestilla minor Rudman, 1981 


SUPERFAMILY ARMINOIDEA 


Family Arminidae 
Dermatobranchus fortunata (Bergh, 1888) 
Dermatobranchus sp. (1) 
Dermatobranchus sp. (2) 

Family Doridomorphidae 
Doridomorpha gardineri Eliot, 1906 


SUPERFAMILY DENDRONOTOIDEA 


Family Tritoniidae 
Marionia cyanobranchiata (Rüppell & Leuckart, 1831) 
Marionia sp. (1) 
Tritoniopsis alba (Baba, 1949) 
Tritonia sp. (1) 
Marianina rosea (Pruvot-Fol, 1930) 


Family Lomanotidae 
Lomanotus vermiformis Eliot, 1908 


Family Bornellidae 
Bornella stellifer (А. Adams & Reeve, 1848) =Bornella adamsii J.E. Gray in 
М.Е. Gray, 1850; in Willan & Coleman, 1984 =Bornella digitata Adams & 

Reeve, 1850 

Bornella sp. (1) 


Family Embletoniidae 
Embletonia gracile Risbec, 1928 


Family Tethydidae 
Melibe cf. pilosa Pease, 1860 
Melibe sp. (1) 


DISCUSSION 


The opisthobranch fauna of Fiji is obviously rich and diverse. The 253 species 
recorded in this checklist are separated into orders as follows: Cephalaspidea, 43; 
Entomotaeniata, 6; Anaspidea, 6; Notaspidea, 7; Sacoglossa, 29; Nudibranchia, 
162. In comparison, the opisthobranch fauna of Queensland, Australia, has almost 
400 identifiable species (according to R. Willan's unpublished catalogue) which are 
divided as follows: Cephalaspidea, 84; Anaspidea, 14; Notaspidea, 12; Sacoglossa, 
20; Nudibranchia, 217. 


The orders Anaspidea, Cephalaspidea and Notaspidea all show approximately 
half as many species in Fiji as in Queensland. The order Nudibranchia shows 55 less 
species in Fiji than in Queensland and interestingly, the order Sacoglossa shows 
nine more speces in Fiji than in Queensland. It should be remembered that quite a 
number of Fijian representatives in all sections are not yet fully identified to species 
level. 


Thelargest family in Queensland is easily the Chromodorididae with 71 species. 
Only 33 members of this group are presently recorded from Fiji. The largest Fijian 
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family is the Dorididae with 35 species. Queensland shows only 29 identified 


species in this group which again highlights the number of unidentified Fijian 
species. 


Considering the differences in observation and collection time between the two 
areas, there are undoubtably many additional species yet to be found in Fiji. 
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ABSTRACT 


Basic population characteristics of the commercial abalone species Haliotis 
roei are compared on a heavily fished intertidal platform anda platform with 
no fishing pressure. Seasonal and annual variations in population density 
were large on both platforms, though densities were lower on the fished 
platform (Trigg) than the unfished area (Waterman). Most abalone at 
Waterman were adults of 2+ years (>60 mm), while few animals of this size 
occurred at Trigg. There were not sufficient adults at Trigg for reproduction 
on the platform to replenish the population, and it is postulated that 
replenishment comes from larvae originating from adjacent platforms. A 
subtidal rock with an unfished population of H. roei recovered at a rate of 
only about 10% per year, suggesting that heavily overfished populations 
would recover slowly, if at all. 


INTRODUCTION 


Little is known ofthe population characteristics of the abalone Haliotis roei Gray. 
General ecology of the species in South Australia has been discussed by Shepherd 
(1973) and stocks were subsequently surveyed (Branden, 1983; Branden and 
Shepherd, 1982; 1984) in that state. The reproduction, feeding and growth of H. 
roei in Western Australia has been examined by Wells and Keesing (1989) and 
Keesing and Wells (1989), but there is no published information on the population 
characteristics of H. roei in W. A. 


In the late 1960's a small fishery for H. roei was begun along the central west 
coast of Western Australia. H. roeiis a smallspecies with a maximum length of 12 
cm, though few animals reach this size. The minimum legal size limits are 6 cm for 
amateurs and 7 cm for professionals. The species lives in shallow water with the 
populations concentrated at the seaward margins of intertidal rock platforms. The 
populations are easily accessible to amateur fishermen who collect on the shallow, 
intertidal platform where recruitment takes place (Keesing and Wells, 1989). It is of 
concern that over fishing and taking of small individuals, well below the legal size 
limit for amateurs, may affect recruitment potential in H. roei. 
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The present paper compares size frequency characteristics of Н. roei made 
annually during the summer from 1983 to 1988 at an unfished site and a heavily 
fished site and uses the information to provide basic information about recruitment 
levels in the two populations. To examine the effect of over fishing on population 
size and structure an isolated natural population was completely removed and 
re-examined at two and four year intervals. 


MATERIALS AND METHODS 


Two intertidal platforms in the Perth metropolitan area were selected for the 
study; both are platforms used for other studies of H. roei. Waterman is a marine 
reserve, and has been since the mid 1960's, so abalone populations in the reserve are 
in a nearly undisturbed condition. The second platform, at Trigg, is 3 km south of 
Waterman and has been heavily fished for most of the period since the fishery 
began in the mid 1960's. Two sites were investigated for each platform. 


The intertidal platforms are essentially horizontal at low tide level. Abalone 
populations are greatest in a zone 3 m or less in width along the seaward margin of 
the platforms. Most such zones are less than 10 m long, though some reach as much 
as 20 m in length. Transects parallel to the reef edge were randomly placed in the 
above zones and 20 0.5 m? quadrats were sampled at each of two sites at both Trigg 
and Waterman platforms. All abalone in each quadrat were counted and the first 
200 measured in situ. Samples were made quarterly, when weather permitted, from 


January 1983 through January 1985 and continued annually during January until 
1988. 


To examine repopulation of abalone in an over collected area, a subtidal rock 
approximately 2 m in diameter adjacent to the platform at Waterman was totally 
cleared of H. roeiinlate March 1983. Totallength of all individuals was measured 
with calipers. The rock was examined visually in November 1983 and March 1984. 
In March 1985 and March 1987 complete recensusing was undertaken. 


RESULTS 


Densities of H. roeiin January over the six years examined are shown in Figure 
1. Densities at Trigg were substantially lower than at Waterman in all years. The 
mean density at Trigg North was 35 and at Trigg West 49 m-? compared to 123 at 
Waterman North and 158 m-? at Waterman South. Densities fluctuated 
considerably from year to year on both platforms. At Waterman both the north 
and south sampling sites showed substantial annual variation with the population 
at Waterman South fluctuating by more than 70 m-2 from 1983 through 1987. The 
population at Waterman North was more stable, rising from 1983 through 1985, 
but then declining in 1986 and 1987 before increasing again in 1988. There was no 
consistent relationship between population densities at the two sites. Fluctuations 


at Trigg were lower in terms of absolute densities, but were nearly as great in terms 
of percentages. 


Figure 2 shows density fluctuations on a quarterly basis over the period of 
October 1983 through January 1985. During the period of October 1983 through 
October 1984 population densities at Waterman varied without a consistent 
pattern being discernible; there was a rapid rise between October 1984 and January 
1985. Thus the increase between the January 1984 and January 1985 samples on 
Figure | occurred in the last quarter sampled. The quarterly samples indicate that 
at Waterman there are substantial variations within a given year as well as between 
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Figure 1. Densities of the abalone Haliotis roei measured annually during the summer (January) at 
four sites on intertidal platforms in the Perth metropolitan area, Western Australia. 
Means and one standard error are shown. @——®, Waterman North; O——-O, 
Waterman South; [] ——4[], Trigg North; J-——4, Trigg West. 
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Figure 2. Densities of the abalone Haliotis roei measured quarterly from October 1983 through 
January 1985 at four sites on intertidal platforms in the Perth metropolitan area, Western 
Australia. Means and one standard error are shown. 9—— —9, Waterman North; 
O——-O, Waterman South; []——-{], Trigg North; 8—8, Trigg West. 
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Figure 3. Size frequency characteristics of the abalone Haliotis roeiin January 1984 at four sites on 
intertidal platforms at Waterman and Trigg in the Perth metropolitan area, Western 
Australia. 







DENSITY (no./m2) 


years. Densities at Trigg were relatively stable, with the exception of a rise at Trigg 
North in July 1984 followed by a decline in the final quarter of 1984. 


Size frequency histograms for both Waterman North and Waterman South 
(Figure 3) show that in January 1984 substantial portions of both populations were 
individuals greater than the legal size of 60 mm. Н. roei take two years to attain this 
size, after growing to 46 mm in the first year (Keesing and Wells, 1989). In the six 
sampling periods which could be conducted during the quarterly sampling, a mean 
of 47.5% of the animals at Waterman North and 53.0% of those at Waterman 
South were of legal size. The situation at Trigg (Figure 3) was considerably 
different, with very few animals of legal size being present on the platform. An 
average of only 17.6% of the abalone at Trigg West were of legal size during the 
periods sampled. This site is much less accessible to amateur fishermen than Trigg 
North, where only 2.6% of the population was of legal size. Density data show the 
comparison even more clearly. In the six summer samples made between 1983 and 
1988 the density of legal size abalone at Trigg North was always <1 т-2. At Trigg 
West there were 8 m-2 in 1983, but this figure declined consistently over the next five 
years to 3 m-? by 1988. 


Data from the rock clearing experiment are summarized in Table 1. A total of 
761 abalone with a combined wet weight of 78.5 kg were collected in March 1983. 
The population was strongly skewed towards large individuals; 537 animals, or 
70.5%, were in the 2+ age group, and most were probably several years old. Only 
17.0% of the population was in the 0+ age class. Small individuals are the most 
easily missed and it is likely that some were in fact not collected. However, open 
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spaces became available as the larger individuals were removed and they were 
occupied by small individuals on subsequent days which were then more easily 
collected. Because of the intensive collection by two divers over several days we 
believe that the low representation of 0+ individuals was real, and not a collecting 
artifact. 


The rock was visited at irregular intervals over the next two years. Most 
observations were made in summer as water conditions made winter visits difficult. 
During the winter of 1983, and subsequent winters, increased wave action due to 
storms washed the sand off the base of the rock and created a direct link to an 
adjoining rock. The link was visible as late as November in each year but became 
sand covered during the summers. During the winter months large abalone (>60 
mm) moved from the adjacent rock onto the experimental rock, thus obscuring 
somewhat the results presented on Table 1. In March 1985 a total of 294 Н. roei 
was removed from the experimental rock. Of these 153 (52.0%) were 2+ animals 
from the adjacent rock. Only 141 (48.0%) were less than 2 years old. Some of these 
may have migrated from the adjoining rock during the winters, but alternatively 
small individuals may also have migrated to the adjoining rock. 90 of the young 
were 0* and 51 were 1* animals. In March 1987 293 abalone were removed from 


the experimental rock, 142 of which were 2*. Of the young 83 were 0* and 68 were 
1+. 


Table 1. Age and size structure of Haliotis roei collected on a small rock at Waterman, Western 
Australia. Determination of ages is based on growth rates provided by Keesing and Wells 








(1989). 

Age Size 1983 1985 1987 
(years) (mm) No. % No. % No. % 
0+ <45 129 17.0 90 30.6 83 28.3 
1+ 45-65 95 12.5 51 17.4 68 23.2 
2+ >65 537 70.5 153 52.0 142 48.5 
Totals 761 100.0 294 100.0 293 100.0 

DISCUSSION 


Densities of H. roei on the platform at Trigg were shown to be consistently lower 
than those at Waterman, 3 km to the north. The platforms are similar in outward 
appearance, and there are no known physical, biological or chemical differences 
which suggest reasons for the differences in population levels. However Waterman 
is a fishery reserve, while Trigg was heavily fished prior to the implementation of 
temporary bans on the taking of abalone in the Perth metropolitan area in March 
1982, and has been heavily fished in recent summers. Data presented here 
demonstrate that the population of abalone at Trigg had not recovered by the time 
the first samples were made in January 1983. Total bans on abalone collecting were 
in place during the summer of 1982-3 but seasonal closures during the winters has 
been the management procedure since that year. The data demonstrate that for the 
easily accessible site at Trigg North there has been no recovery of the H. roei 
population. Less than 1% is of legal size at any given time, and numbers of abalone 
25 cm are also reduced by fishing pressure. At Trigg West densities of legal size 
abalone have declined steadily since 1983, even with more stringent management 
procedures and increased public awareness of the potential for overfishing. 


H. roei in the Perth metropolitan area spawns over a period of several months 
from June through the remainder of the calendar year, but the majority of 
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spawning is concentrated in the July to August period (Wells and Keesing, 1989). 
Young individuals first became numerous in our samples at a size of <15 mm in 
January in both years surveyed at Trigg. At this stage they were about six months 
old, and were thus no longer recruits to the population. Continued recruitment at 
Trigg demonstrates the resilience of the population despite the heavy fishing 
pressure on adults. The question is where the adults are that produce the larvae 
which recruit at Trigg. Wells and Keesing (1989) have shown that in an unfished 
population (Waterman) adults <60 mm contribute only 3.2% of the total fecundity 
of the population. Data presented here demonstrate that there are few, if any, 
adults on the top of the platform. H. roei are known to settle on the intertidal 
seaward margins of the platforms and migrate subtidally as they grow (Keesing and | 
Wells, 1989). Thus it is possible that the intertidal populations at Trigg are receiving 
recruits spawned subtidally nearby. However the platform is undercut at Trigg 
North, and there are few subtidal abalone. Abalone 7 cm in length were collected 
seaward of the site at Trigg West for analysis of reproductive state (Wells and 
Keesing, 1989) from January 1983 through December 1984. During this time it 
became increasingly difficult to collect 30 abalone monthly for the gonad analyses, 
and by the end of 1984 there were few reproductively mature abalone in the 
subtidal areas. The subtidal population has not recovered since the 1985, 
suggesting that H. roei on the intertidal platform at Trigg is being replenished from 
adjacent platforms. This is in contrast to the finding by Prince et al. (1987) that 
recruitment in H. rubra is a result of spawning by females within a restricted local 
area. 


The continued recruitment at Trigg and the results of the rock clearing in the 
Waterman reserve suggest that populations of H. roei depleted through overfishing 
can be replenished by reproduction occurring on other platforms. Such recovery, 
however, is at best slow. After two years recovery of the H. roei population on the 
cleared rock due to the settlement of young was only 18.5% of what the population 
had been before the removal. In the following two years the recovery was only 
19.5%, suggesting it would take at least ten years before the population recovered 
fully. This is probably an underestimate in that for each of the three years surveyed 
the 0+ group had more individuals than the 1+ group, presumably as a result of 
mortality. Alternatively a good settlement year could produce substantial numbers 
of recruits, which would rebuild the population more quickly. H. roei in the Perth 
area are primarily drift algal feeders, but also rasp macroalgae off the rock surface 
(Wells and Keesing, 1989). It is possible that if catastrophic removal of abalone 
occurred, such as through overfishing, the algal composition on the platform could 
alter before the population is re-established so that less preferred algal species are 
dominant and the abalone population does not recover. This possibility has not yet 
been addressed. 
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ABSTRACT 


Turrids previously referred to the genera Splendrillia and Austrodrillia from 
southern Australian waters are revised; two tropical representatives are 
included. Sixteen species are recognized in Splendrillia and five in 
Austrodrillia. Clavus candidulus Hedley, 1922 is transferred to Splendrillia. 
Five new species of Splendrillia are described, three from southern Western 
Australia and two from Queensland. In Splendrillia, S. molleri Laseron, 1954 
is synonymized with S. woodsi (Beddome, 1883) and S. harpularia 
(Desmoulins, 1842) and 5. duplaris Hedley, 1922 are provisionally 
transferred to the genus Crassispira in the subfamily Crassispirinae, and a 
new species is described in this genus. Based on an examination of the radula 
of the type species, Austrodrillia angasi (Crosse, 1863), the genus 
Austrodrillia is also transferred to the Crassispirinae. In Austrodrillia, A. 
achatina (Verco, 1909) is synonymized with A. dimidiata (Sowerby, 1896). 


INTRODUCTION 


The neogastropod family Turridae is the largest of all the molluscan families 
(Abbott and Dance, 1982). Kilburn (1983) estimated that there are over 2,000 
Recent species, but now considers there to be over 4,000 species (Kilburn, pers. 
comm.). Turrids occur in most benthic marine habitats, from the intertidal to the 
deeper parts of the ocean, and from tropical to polar habitats. They are generally 
more common in deeper water than in the intertidal zone. Over 50% of the 
predatory gastropods of abyssal bottoms are turrids (Taylor, Morris and Taylor, 
1980). In contrast to the taxonomic diversity of the family, many species of turrids 
have low population densities and are represented in museum collections by only a 
few specimens. 


Turrids are combined with the families Conidae, Terebridae and Thatcheriidae 
(which has only a single Recent species) in the superfamily Conoidea on the basis of 
having a toxoglossan radula which is highly modified to inject poison from 
specialized salivary glands into prey (Bouchet and Warén, 1980). The toxoglossan 
radula is considered to be derived from the taenioglossan type. In its most primitive 
form, seen in some Clavinae, the radula has five teeth per row (a central tooth 
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flanked on each side by a lateral and a marginal). Only the marginal teeth are 
present in the most advanced turrid radulae. In specialized turrid radulae the teeth 
are dagger shaped and are used singly, much as they are in cones. The full range of 
toxoglossan radular variation is exhibited in the Turridae (Shimek and Kohn, 
1981). 


Subfamilial classification in the Turridae has been controversial and there is as 
yet no agreed classification. Powell (1966) devised a scheme which recognized nine 
subfamilies based primarily on shell characters. McLean (1971) incorporated an 
analysis of radular types to expand the classification into 15 subfamilies. An 
alternate view was taken by Bouchet and Warén (1980), who considered the 
proposed subfamilial classifications to be based on a *more or less random" 
grouping of species by shell characters. They avoided the use of subfamilies 
altogether. In a major series of papers Kilburn (1983; 1985; 1986; 1988) contended 
that any practical subdivision was better than none. His regional revisions of the 
turrids of southern Africa used a subfamily classification based on the proposals of 
Powell (1966) and McLean (1971). 


The present paper is the first in a series intended to revise the Australian Recent 
Turridae. A brief literature survey (Wells, unpubl. data) has established that over 
500 names for specific or subspecific taxa have been used for Australian turrids. 
Clearly there are too many taxa to be examined at a single time, so the pragmatic 
subfamily approach used by Kilburn (1983; 1985; 1986; 1988) is adopted here. The 
classification followed is that of Powell (1966) as modified by McLean (1971) and 
Kilburn (1983; 1985; 1986; 1988). The basis for generic assignments іп the Turridae 
is as uncertain as classifications at the subfamilial levels (Bouchet and Warén, 
1980). The present work attempts to revise Australian taxa at the species level; with 
few exceptions existing generic assignments are retained. 


The only complete revision of Australian turrids is that of Hedley (1922), in 
which approximately 370 species were discussed. The primary treatments of 
Australian turrids since Hedley have been those of Laseron (1954), who revised the 
Turridae of New South Wales, and Powell's (1964; 1967; 1969) revision of Indo- 
Pacific Turrinae and Turriculinae. A number of Recent turrids were found for the 
first time in Australian waters on cruises of the MV 'Soela' on the North West Shelf 
and slope off the north coast of Western Australia in the early 1980's. Turrid 
specimens collected on the cruises were sent to Dr. S. Kosuge in Japan and are 
being reported elsewhere (Kosuge, 1985; 1986; 1988a; 1988b). The major works on 
fossil Australian turrids are those of Powell (1944), Cotton (1947) and Long (1981). 
These papers recorded six species of Splendrillia in the Australian fossil record. 
Only one of these, S. harpularia, is extant. 


The present paper revises the Recent temperate Australian species ofthe genera 
Splendrillia and Austrodrillia, which have been consistently been referred to the 
subfamily Drilliinae; in Australian waters, both genera occur primarily in southern 
temperate regions. The subfamily is better known as the Clavinae Casey, 1904, but 
this is a homonym of the hydrozoan Clavinae McCrady, 1859, and Drilliinae 
Morrison, 1966 should be used (Cernohorsky, 1985). Kilburn (1988) and Vaught 
(1989) followed Cernohorsky's recommendation, but Sysoev and Kantor (1989) 
did not; the question is still not resolved. 


i Very little is known of the biology of the Drilliinae. Maes (1983) presented 
limited information on reproductive and digestive morphology of Drillia cydia 
(Bartsch). Sysoev and Kantor (1989) described Splendrillia chathamensis and 
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included a number of aspects of the anatomy of preserved animals. Kilburn (1988) 
pointed out that some genera are known only from shell characters, and most of 
the Australian species are known only from dead collected shells. Because of this 
the assignment of species to genera and the relationships ofthe genera are tentative 
and may be changed considerably if preserved material becomes available for 
examination. 


METHODS 


Type material has been obtained wherever possible from the museum in which it is 
deposited. Most of the material examined is at the Australian Museum, Sydney. A 
secondary source has been the Western Australian Museum, Perth. The collections 
of the Queensland Museum, Museum of Victoria and South Australian Museum 
have also been briefly examined. Descriptions are based on shells oriented in the 
traditional way, spire up, with the aperture facing the viewer. 


The following abbreviations are used: 


AM, Australian Museum, Sydney 
BM(NH), British Museum, Natural History, London 
MNHN, Museum National de Histoire Naturelle, Paris 
MV, Museum of Victoria, Melbourne 
NMNZ, National Museum of New Zealand, Wellington 
OM, Queensland Museum, Brisbane 
SAM, South Australian Museum, Adelaide 
TM, Tasmanian Museum, Hobart 
WAM, Western Australian Museum, Perth 
ZMA, Zoological Museum, Amsterdam 
1, shell length 
wW, shell width 
a, length of aperture 
TAXONOMY 


Subfamily Drilliinae Morrison, 1966 
Drilliinae: Morrison, 1966: 1-2. Cernohorsky, 1985: 60-62. Kilburn, 1988: 172-227. 


Clavinae: Casey, 1904: 123-170. Powell, 1942: 84-120. Cotton, 1947: 1-12. Laseron, 
1954: 16-20. Cotton, 1959: 392-393. Macpherson and Gabriel, 1962: 232. Iredale 
and McMichael, 1962: 77-78. Powell, 1966: 70-95. McLean, 1971: 116-117. 
Powell, 1979: 230-235. Long, 1981: 37-41. Sysoev and Kantor, 1989: 205-214. 


Diagnosis 

Shells small to medium, 6-30 mm, high spired, medium to solid weight, anterior 
end often truncated. Protoconch paucispiral, smooth, rounded, 2-4 whorls. Up to 8 
teleoconch whorls with variable sculpturing, usually strong axial ribs, and/or 
lighter spiral striae. Sinus on shoulder slope moderate to deep, callused. Outer lip 
thin to thickened, usually lacking varix. Stromboid notch usually present. Anterior 
canal truncated, broad, often slightly notched. Operculum present in species where 
animal is known; oblolanceate, nucleus terminal. Radula prototypic; comb-like 
central tooth flanked on each side by one lateral and one marginal. 
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Genus Splenrillia Hedley, 1922 


Splendrillia Hedley, 1922: 250. Type: (o.d.): Drillia woodsi Beddome, 1883. 
Powell, 1942: 99-104. Cotton, 1947: 11. Laseron, 1954: 16-17. Cotton, 1959: 393. 
Macpherson and Gabriel, 1962: 232. Iredale and McMichael, 1962: 77. Powell, 
1966: 83-84. Powell, 1979: 232-234. Kilburn, 1988: 206-218. Sysoev and Kantor, 
1989: 205-214. 


Diagnosis 

Shells small to medium, 8-30 mm, light to solid, high spired, truncated anterior 
end. Protoconch paucispiral, 2 whorls, smooth, rounded to globose. Up to 9 
teleoconch whorls with strong axial ribs, spiral sculpturing absent or restricted to 
anterior of shell. Pronounced subsutural fold in many species. Sinus moderate to 
deep, outer lip thin to thickened, stromboid notch slight. Anterior canal short, 
broad, shallow to strongly notched. Shell white to brown. Operculum 


oblolanceate, nucleus terminal. Indo-Pacific and southeastern Australia; intertidal 
to 370 m. 


Remarks 

Hedley originally proposed Splendrillia as a subgenus of Melatoma but Powell 
considered the status of Melatoma to be uncertain and equated it with Clionella. 
Powell (1942) used Splendrillia at the generic level. This practice has been followed 
by most subsequent authors, though Kay (1979) regarded Splendrillia as a 


subgenus of Clavus and Kuroda, Habe and Oyama (1971) placed it as a subgenus 
of Elaeocyma. 


Powell (1942; 1966) characterized the genus by the presence of a strong 
subsutural fold, but noted that it is reduced or absent in some species. Kilburn 
(1988) considered this to be incorrect as the type species, S. woodsi, lacks a 
subsutural fold. He also suggested that the genus may be polyphyletic because 
Powell (1966) had demonstrated quite variable radular types in the genus. The 
southern Australian representatives of Splendrillia revised here do appear to be 
polyphyletic. However with several hundred generic names available in the 
Turridae, transfer of species out of Splendrillia is better left until a more complete 
understanding of the Australian species of the family is developed. An exception 
has been made for S. harpularia for which a radula has been examined for the first 
time and is clearly not drilliine; the conchologically similar S. duplaris is also 
removed from the Drilliinae and placed in the Crassispirinae. 


McLean (1971) followed Morrison (1966) in restricting the Drilliinae (as 
Clavinae) to include all species with rachiglossate, comblike lateral teeth. This type 


of dentition is clearly present in Splendrillia woodsi, the type species of the genus, 
and the position of the genus in the Drilliinae is confirmed. 


Splendrillia woodsi (Beddome, 1883) 
Plate 1, Figs. 1,6. Plate 2, Figs. 1-8. 


Drillia woodsi Beddome, 1883: 167. Tate and May, 1901: 368. Hedley, 1903: 388. 
Verco, 1909: 301. 


Drillia howitti Pritchard and Gatliff, 1899: 101, 172, pl. 8, fig. 2. Hedley, 1901: 722. 
Austrodrillia woodsi (Beddome). Hedley, 1918: M81. 
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Melatoma woodsi (Beddome). Hedley, 1922: 253. 


Splendrillia woodsi (Beddome). Cotton, 1947: 11. Laseron, 1954: 16, pl. 3, figs. 61, 
62, 63. Cotton, 1959: 393. Iredale and McMichael, 1962: 77. Macpherson and 
Gabriel, 1962: 232. 


Antimelatoma agasma Cotton, 1947: 14, plus unnumbered plate fig. 


Splendrillia molleri Laseron, 1954: 17, pl. 4, fig. 71. Iredale and McMichael, 1962: 
77. Powell, 1966: 83. 


Shell 

Shell small, solid, 17 mm, spire high. Protoconch of 2 globose, smooth whorls, 
0.87 mm high, 0.87 mm wide; teleoconch up to 7 whorls. Upper parts of whorl 
smooth but no channel formed; about 18 strong but short ribs/ whorl almost form 
nodules, and only go halfway down whorl on spire. Short ribs also on body whorl, 
below which strong growth lines are only sculpture. Columella smooth, broad, 
heavily calcified. Aperture suboval, siphonal canal short, very broad. Deep U 
shaped sinus with prominent callus at entrance. Outer lip thickened. Shella glossy 
brown in fresh specimens, aperture lighter. The brown fades to a light grey after 
death. 











Measurements: 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype (woodsi) 12.8 4.8 5.2 0.38 0.41 
Holotype (howitti) 13.5 4.8 4.8 0.36 0.36 
Holotype (agasma) 18.5 6.4 7.3 0.35 0.39 
Holotype (molleri) 14.3 5.2 5.8 0.36 0.41 
Mean (n-15) 15.2 5.6 5.6 0.37 0.37 
S. D. 1.3 0.4 0.5 0.02 0.03 
Range 13.0- 4.8- 4.7- 0.34- 0.33- 
16.7 6.3 6.5 0.40 0.42 
Radula 


Central tooth flanked on each side by single lateral and single marginal teeth 
(Plate 1, Fig. 1). Central tooth with indistinct base plate which is 73 um long and 33 
um wide. Centre of tooth with a single long (22 um), thin (4 um) cusp, pointed in 
the last 4 um. Lateral teeth broad, 121 um wide, and 59 um high. Most of the tooth 
dark on SEM photos, but upper margin a glossy white with 10 long, thin, slightly 
curved, pointed cusps. Innermost cusp small. Cusp size increases to 22 um high and 
9 um across the base on the central cusps before decreasing on the outer cusps. 
Lateral cusp triangular, 55 um across the base and 20 um high, and pointed 
towards the centre of the tooth. Lateral teeth long (290 um), straight and flat, with a 
broad (60 um) base plate which narrows in the centre 20 um before broadening to 
50 um then coming to a point. 


Operculum 

Operculum (Plate 1, Fig. 6) horny, brown, oblolanceate, slightly curved, with a 
rounded terminal nucleus, 3.1 mm long and 1.5 mm wide. Numerous growth lines 
present. 
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Plate 1. Radulae. Fig. 1. Splendrillia woodsi. Fig. 2. “Crassispira” harpularia. Fig. 3. " Crassispira" 
ansonae Fig. 4. Austrodrillia angasi. Fig. 5. Austrodrillia beraudiana. Operculae. Fig. 6. 
Splendrillia woodsi. Fig. 7. Austrodrillia angasi. 
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Plate 2. 


Splendrillia woodsi. Figs. 1,2. Drillia woodsi Beddome, 1883. Holotype, BM(NH) 
1900.8.14.156. Figs. 3,4. Drillia howitti Pritchard and Gatliff, 1899. Holotype, MV F.573. 
Figs. 5,6. Antimelatoma agasma Cotton, 1947. Holotype, SAM D.14209. Figs. 7,8. 
Splendrillia molleri Laseron,1954. Holotype, AM C.103386. à 
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Location of types 
(woodsi): Holotype. BM(NH) 1900.8.14.156. (howitti): Holotype. MV F.573. 
(agasma): Holotype. SAM D.14209. (molleri): Holotype. AM C.103386. 


Type localities 

(woodsi): D'Entrecasteaux Channel, Tas. (howitti): Gippsland Coast, Victoria 
(Laseron, 1954). (agasma): 183 m off Beachport, SA. (molleri): 91 m off Crowdy 
Heads, NSW. 


Material examined 
Types. 
QLD: 63 m off Wide Bay (AM); 109-178 m E of Caloundra (AM). 


NSW: Black Rock, Richmond River (AM); 23-37m, 8 km E Woody Head 
(AM); Clarence River (2 AM); Woolgoolga off Tathra (AM); 56 m N of Coffs 
Harbour (AM); 82-101 m, 18km NW of Crowdy. Head (2 AM); 40 km off 
Manning River, near Taree (AM); 73-91 m off Manning River (AM); 86 m off 
Taree (AM); 72-82 m Cape Hawley, near Forster (AM); Broughton I. (AM); Port 
Stephens (AM); 45-73 m off Port Stephens (AM); 73-82 m off Port Stephens 
(AM); 457-467 m E of Cape Three Points (AM); Cabbage Tree I. (AM); off 
Sydney: Port Jackson (MV); 66 m, 1.6 km E of Malabar (15 AM); 66 т, 2.3 кт Е 
of Malabar (19 AM); 192-203 m, 29 km E of Malabar (AM); 58 m, 2.6 km E of 
Maroubra Beach (AM); 66 m, 2 km E of Long Bay (20 AM); 76 m, 5.5 km E of 
Long Bay (AM); 86 m, 10 km E of Long Bay (AM); 119 m, 14.5 km E of Long Bay 
(3 AM); 60-66 m, 4.2 km E of N Head (AM); 66 m, 5.6 km E of N Head (3 AM); 2.6 
km E of Cape Banks (2 AM); 82 m, 4.5 km off Cape Banks (10 AM); 110 m, 14 km 
E of Cape Banks (20 AM); 71-77 m, 5.7 km E of Minstral Bank (AM); 64 m 
Crookhaven (AM); 36-55 m off Sydney (AM); 75-150 т E of Sydney (AM); 295 т 
E of Sydney (AM); 384 m off Sydney (AM); 393 m off Sydney (AM); 457 m, E of 
Sydney (3 AM); 457-549 m, 44 km E of Sydney (AM); 549 m E of Sydney (3 AM); 
896-924 m E of Sydney (2 AM); 1106-1143 m E of Sydney (2 A M); 1463 m, 56 km E 
of Sydney (AM); Middle Harbour, Sydney (AM); 60-101 m off Botany Heads (3 
AM); 457 m off Botany Bay (2 AM); 366 m off Botany Bay (AM); Sow & Pigs 
Reef, Sydney (AM); Cronulla (AM; MV); 10 m off Cronulla (AM); 70-90 m off 
Cronulla (6 AM; 2 WAM); 153 m off Cronulla (AM); 281 m E of Wollongong 
(AM); 85m off Jibbon (AM); 60-100 m off Jibbon(5 AM); 46 m off Port Hacking 
(АМ); 82 m off Port Hacking (AM); 281 m off Port Kembla (AM); 741 m off Port 
Kembla (AM); 119 m Jervis Bay (AM); Montagu I: 110-128 m, 8 km N Montague 
I. (AM); 91 m, 11 km N Montague I. (AM); 146-164 m, 38 km NNE Montague I. 
(AM); 101-119 m, 8-16 km S Montague I. (AM); 119 m, 100 km S Montague I. 
(AM); Eden (3 AM); 18 m Eden (AM); 274 m E of Eden (AM); 91-274 m S Eden 
(AM); Twofold Bay (2 AM; 2 MV); 15-46 m Twofold Bay (AM); 27-129 m 
Twofold Bay (AM); 37 m off Twofold Bay (AM); 294-304 m, 40 km E of Twofold 
Bay (AM); 93-128 m off Green Cape (AM). 


VIC: 18.2 m, 1.6 km N of Gabo I. (AM); 132-146 m, 40 km off Cape Everard (3 
AM); 120 m off Cape Everard (MV); 100-183 m S of Mt Cann (AM); Gippsland 
Coast (MV); Lakes Entrance (MV); 6-45 m off Lakes Entrance (AM); Port Albert 


(MV); 77 m, 40 km S of Wilsons Promontory (AM); 64-69 m S of Waratah Bay (4 
MY). 
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TAS: 421 m E of North Point, Flinders I. (MV). Flinders I. (AM); 32 km E of 
Babel I., Furneaux Group (2 AM); 118-119 m Babel I. (2 AM); 155 m N of Port 
Davey (AM); 82-91 т, 4 km NE Beaching Bay, Maria I. (2 AM); 80 m W of West 
Point (AM). 

SA.: Beachport (2 MV); 201 m off Beachport (AM; MV); 667 m off Beachport 
(AM); 183 m, 64 km S of Cape Wiles (2 AM). 


WA: 75 m, 33905'S; 128940'E, Great Australian Bight (AM). 
Distribution 
Queensland to Great Australian Bight, Western Australia; also Tasmania. 


Remarks 

The great majority of the specimens of S. woodsiexamined came from relatively 
shallow water, 100 m or less in depth, but a significant portion of the specimens 
came from much greater depths. The greatest depth was from 1463 m 56 km east of 
Sydney (C.26694). All deep water lots consisted of dead taken shells, many of 
which were broken. Examination of these lots however showed that all could not 
be distinguished from typical S. woodsi, suggesting that unless the shells were 
moved after death the species has a considerable depth range. Hedley (1922) also 
recorded a number of deep water records of S. woodsi. 


As can be seen from the extensive list of material examined, S. woodsi is a 
common species in eastern Australia, with a wide geographic and vertical range. It 
is not surprising that the species varies somewhat and that it has been named 
several times. Cotton (1947) described Antimelatoma agasma from two specimens 
collected in deep water, with the holotype coming from 183 m depth off Beachport. 
Cotton compared the species with “C.” harpularia, but the specimen is clearly a 
large individual of S. woodsi. There are fine spiral lirae just below the suture, but 
not the strong spiral cords found on “C.” harpularia. The other feature of A. 
agasma is that there is a better developed spiral cord just below the suture than in 
more typical S. woodsi. S. molleri is also a fairly large specimen of S. woodsi. It 
lacks the indistinct spiral cord of A. agasma but fits in other features with typical S. 
woodsi. Drillia howitti strongly resembles A. agasma but the spiral cord is not as 
distinct and the ribs are more nodulose. In all other respects the species is similar to 
typical S. woodsi. 

Sysoev and Kantor (1989) described Splendrillia chathamensis from the western 
part of the Chatham rise. The species is close to S. woodsi, but was distinguished by 
Sysoev and Kantor by having more slender, white shell with fewer ribs, the lack of a 
notch at the end of the canal and a heavy parietal callus. 


Splendrillia acostata (Verco, 1909) 
Plate 3, Figs. 1,2. 

Drillia woodsi acostata Verco, 1909: 301. Powell, 1966: 83. 
Melatoma woodsi acostata (Verco). Hedley, 1922: 253. 
Splendrillia acostata (Verco). Cotton, 1947: 11. Cotton, 1959: 393. 
Shell 

Shell medium, 21 mm, light, very high spire. Protoconch globose, smooth, of 2 
whorls, 0.60 mm high, 0.87 mm wide; teleoconch up to 9 whorls. Suture impressed, 
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whorls convex, almost triangular in outline with slight constriction on upper 
surface. Faint axial ribbing on upper whorls does not extend to lower whorls, only 
sculpturing is axial growth lines. Lower whorls smooth. Aperture elongated, 
cylindrical, columella smooth, broad. Sinus very deep, U shaped with callus which 
slightly constricts entrance. Anterior canal broad, deep, notched. Colour off white, 
aperture similar. Radula and operculum unknown. 





Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
SAM syntype 21.4 5.8 6.7 0.27 0.31 
AM syntype 17.5 4.9 5.7 0.28 0.33 
MY syntype 17.2 5.0 5.6 0.29 0.33 





Location of types 
Syntypes, 1 specimen each. SAM D.13550. AM C.31075. MV F.30412. 


Type locality 
368 m depth, off Beachport, SA. 


Material examined 
Types. WA: 146-150 m depth, SW of Mandurah (AM). 


Distribution 

The specimens here regarded as syntypes are all from 368 m depth off Beachport. 
In his description of the species Verco (1909) lists a total of 60 specimens from that 
locality and also 201 m and 275 m off Beachport and 238 m off Cape Jaffa; the 
present location of specimens from the latter three locations is not known. The W. 
A. record is the first report of S. acostata since the original description and the first 
record from Western Australia. 
Remarks 

Verco (1909) originally proposed 5. acostata as a subspecies of S. woodsi. 
Cotton (1959) however regarded it as a valid species, an opinion with which I 
concur. There is a specimen of typical S. woodsiin the AM (C.31063) from 201 m 
off Beachport, S. A. collected by Verco from near the type locality of S. acostata, 
indicating the two species occur sympatrically, but S. acostata appears to be more 
common in deeper water. Splendrillia acostata can be readily separated from S. 


woodsi by having a thinner shell, narrower spire, more rounded whorls, and in 
lacking pronounced ribs. 


The specimen from off Mandurah, Western Australia greatly extends the range 
of the species. 


Splendrillia spadicina (Hedley, 1922) 
Plate 3, Figs. 3-4. 


Melatoma spadicina Hedley, 1922: 252, 253, pl. 45, fig. 45. 
Antimelatoma spadicina (Hedley), Cotton, 1947: 11. 


Splendrillia spadicina (Hedley). Laseron, 1954: 17, pl. 3, figs. 68, 69. Iredale and 
McMichael, 1962: 77. Powell, 1966: 83. 
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Plate3. — Splendrillia. Figs. 1,2. Drillia woodsi acostata Verco, 1909. Syntype, C.31075. Figs 3,4. 


Melatoma spadicina Hedley, 1922. Syntype, AM C.156577. Figs. 5,6. Melatoma lygdina 


(Hedley, 1922). Holotype, AM C.42317. Figs. 7,8. Drillia bednalli Sowerby, 1896. 
Paratype, AM C.19290. 
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Shell 

Shell small, 24 mm, light, very high spire. Protoconch bulbous, smooth, 2 
whorls, grades into teleoconch of up to 7 whorls. Sutures impressed, whorls convex 
but constricted just below suture. About 14 strong ribs/whorl extend from 
constriction to next whorl. Bases of ribs offset to left. Fine spiral striae and axial 
growth lines present. Aperture elongate, thin, siphonal notch deep with callus at 
entrance. Columella thin, smooth, siphonal canal broad, smooth. Shell glossy 
brown on grey, aperture brown. Radula and operculum unknown. 





Measurements 

Length Width Aperture W/L A/L 

(mm) (mm) (mm) 
Paratypes C.42311 22.1 7.7 8.4 0.35 0.38 
C.156577 23.9 7.0 8.5 0.29 0.36 
20.2 6.6 7.7 0.33 0.38 
Меап (п=12) 21.8 7.3 8.0 0.33 0.37 
S. D. 1.3 0.5 0.4 0.02 0.02 
Range 20.2- 6.5- 7.3- 0.29- 0.33- 
23.9 8.0 8.5 0.37 0.41 





Location of types 
Paratypes: 4 specimens, AM C.42311; 3 specimens, AM C.10428; 2 specimens, 
AM C.156577. 


Type locality 
Woolgoolga, NSW. 


Material examined 

Types. NSW: Woolgoolga (2 AM); Little River (AM); Catherine Hill Bay 
(AM); Thirroul (AM); Angourie, near Yamba (2 AM); Clarence River (2 AM); 
Collaroy Beach, Sydney (2 AM). 


Distribution 
Known only from New South Wales. 


Remarks 

The material available of Splendrillia spadicina is all dead collected, and 
resembles somewhat dead collected material of “С.” ansonae. However, "C." 
ansonae has a thinner shell and a strongly recurved outer lip. S. acostata is also 
similar to “С. "ansonae, but has a much higher spire, more numerous whorls (11 vs 
9) and a higher protoconch. 


Splendrillia lygdina (Hedley, 1922) 
Plate 3, Figs. 5,6. 


Melatoma lygdina Hedley, 1922: 252, pl. 45, fig. 45. 


Splendrillia lygdina (Hedley). Laseron, 1954: 17, pl. 4, fig. 70. Iredale and 
McMichael, 1962: 77. Macpherson and Gabriel, 1962: 232. Powell, 1966: 83. 
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Shell 

Shell of medium length, 26 mm, spire very high, turreted medium weight. 
Protoconch broken off. Sutures slightly impressed, straight. Strong, rounded ribs 
begin one-third of the way down the whorl, reach their greatest dimension in the 
middle of the whorl, then taper off. 12 ribs on penultimate whorl; last rib of body 
whorl replaced by three riblets. Ribs extend well down body whorl; there is no 
spiral sculpture below. Sinus very deep, U shaped at bottom, edges raised. Outer lip 
thin. Columella smooth, convex. Anterior siphonal canal moderately deep, of 
moderate length. Aperture deep, elongated, narrow. Shell yellowish grey. Radula 
and operculum unknown. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 26.3 8.1 9.2 0.31 0.35 
Mean (n=9) 22.1 7.3 7.8 0.32 0.35 
S. D. 3.3 1.1 0.9 0.32 0.35 
Капре 17.0- 6.0- 6.0- 0.26- 0.30- 
27.2 8.1 9.2 0.35 0.38 





Location of type 
Holotype. AM C.42317. 


Type locality 
274-366 m depth, off Gabo I., Vic. 


Material examined 
Holotype. VIC: 640 m ENE North Point, Flinders I. (MV); 400 m S of Point 
Hicks (MV); 800 m S of Point Hicks (MV); 930 m S of Point Hicks (2 MV). 


Distribution 
Known only from 274-930 m off Victoria. 


Remarks 

Splendrillia lygdina is a large species which cannot be confused with the other 
members of the genus because of its very high spire, numerous whorls and very 
strong ribbing. 

The only published data on this species refer to the holotype, which until recently 
was the only known specimen. The material in the MV reported here was collected 
by the ‘Kimbla’ in 1973. 


Splendrillia bednalli (Sowerby, 1896) 
Plate 3, Figs. 7,8. 


Drillia bednalli Sowerby, 1896: 25, pl. 3, fig. 3. Tate and May, 1901: 368. Verco, 
1909: 302. ` 


Melatoma bednalli (Sowerby). Hedley, 1922: 250, pl. 45, fig. 41. 


Splendrillia bednalli (Sowerby). Cotton, 1947: 11, pl. 1, f. 3. Cotton, 1959: 393. 
Powell, 1966: 83. 
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Shell 

Shell small, 18 mm, medium weight, high spired. Protoconch of 2 whorls, 
rounded, smooth, 0.67 mm high, 1.00 mm wide; teleoconch of up to 8 whorls. 
Surface of largest syntype smooth; other specimens have up to 13 nodulose ribs on 
upper part of whorls, smooth below. The ribless specimen also lacks spiral striae. 
The other syntypes have numerous fine spiral striae on all whorls. Sutures slightly 
impressed, indistinct, whorls convex except for slight compression below suture. 
Aperture elongate oval, strong callus adjacent to siphonal notch, notch deep, U 
shaped, columella convex, anterior siphonal canal broad, slightly notched, 
shallow. Outer lip thickened, slightly reflected inwards. Stromboid notch distinct. 
Shell white with 6-9 thin brown spiral lines on body whorl, 2-3 on upper whorls, 
inner aperture white. Operculum and radula unknown. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Syntypes 
BM(NH) 1896.7.15.2 17.5 6.2 7.2 0.35 0.41 
BM(NH) 1899.7.5.10-11 12.9 5.0 5.5 0.39 0.43 
11.5 4.3 4.6 0.37 0.40 
SAM D.13548 16.2 5.9 6.7 0.36 0.41 





Location of types 
Syntype, 1 specimen. SAM D.13548. Syntypes, 3 specimens. BM(NH) 
1896.7.15.2 and 1896.7.5.10-11. 


Type locality 
Gulf St. Vincent, SA. 


Material examined 
Syntypes. S.A.: 73 m, Neptune I. (AM); Gulf St. Vincent (AM). 


Distribution 
Known only from off South Australia. 


Remarks 

Splendrillia bednalli is similar to the agasma form of S. woodsi, particularly in 
general shape and the presence ofa fairly strong spiral cord, but the ribbing is not as 
strong as itis inall S. woodsi. Splendrillia bednalliis similar to "C. "harpularia but 
is more variable, and differs in lacking the strong spiral striae and having the 
verticals low and rounded in comparison to the thinner and more distinct ribs of 
"C."harpularia. The ribs present in the SAM syntype do not appear on some of the 
other specimens. The characteristic feature of S. bednalli is the series of brown 
lines. It resembles A. agasma, particularly in having the spiral cord below the 
suture, but the material of A. agasma lacks the brown lines. 
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Splendrillia subviridus (May, 1911) 
Plate 4, Figs. 1,2. 


Melatoma subviridus May, 1911: 392, pl. 14, fig. 18. Hedley, 1922: 253. 


Antimelatoma subviridus (May). Cotton, 1947: 11. Macpherson and Gabriel, 
1962: 232. 


Shell 

Shell medium, 16 mm, medium weight, high spire. Protoconch large, rounded, 2 
whorls, 0.74 mm high, 1.12 mm wide; teleoconch of 6 whorls. Suture slightly 
impressed, straight. Whorls slightly rounded. Sculpturing of 16 strong axial ribs on 
body whorl, 15 on penultimate whorl. Originate as low nodules just below suture, 
angled to right. At about 1/3 down the whorl ribs shift to be slightly angled to the 
left. Ribs extend only part way down body whorl, replaced by several axial striae, 
the first two of which are strongest. Outer lip rounded with slight stromboid notch. 
Sinus deep, U shaped, callus strong. Aperture rectangular, columella broad. 
Anterior canal broad, of moderate depth. Cream colour, aperture white. Radula 
and operculum unknown. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 16.2 6.2 7.0 0.38 0.43 
Paratypes 19.1 6.8 7.8 0.36 0.41 
14.9 5.5 5.7 0.37 0.38 





Location of type 
Holotype. TM E.721/8062. 


Type locality 
17 m depth, Derwent estuary, Tas. 


Material examined 
Types. 


Remarks 
This species is closest to the tropical “C.” duplaris, but lacks the spiral striae. 


Splendrillia nenia (Hedley, 1903) 
Plate 4, Figs. 3,4. 


Drillia nenia Hedley, 1903: 387, text. fig. 101. 


Austrodrillia nenia (Hedley). Hedley, 1918: M81. Cotton, 1947: 10. Cotton, 1959: 
393. 


Splendrillia nenia (Hedley). Laseron, 1954: 16, pl. 3, figs 65-67. Iredale and 
McMichael, 1962: 77. Macpherson and Gabriel, 1962: 232. Powell, 1966: 83. 


Shell 
Shell small, 6.5 mm, high spire, fragile. Protoconch smooth, globose, 1.5 whorls, 
0.53 mm high, 0.73 mm wide; 5 teleoconch whorls. Suture distinct but irregular. 
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Whorls with prominent axial ribs, slightly curved to right at base, do not match on 
adjacent whorls. Ribs begin at suture, increase rapidly to midpoint of whorl, then 
decrease to lower suture, give whorl a triangular shape. 12 ribs on penultimate 
whorl, 10 on body whorl. Ribs extend only part way down body whorl. Last rib 
enlarged to form partial varix; outer lip thin, slightly curved inwards. Fine axial 
growth lines present, but no spiral sculpture. Sinus broad, deep, at 45? angle to shell 
axis. Callus present but not prominent. Columella thin, straight. Aperture 
elongate-oval. Anterior canal broad, short, not notched. Colour uniform 
semiglossy white. Radula and operculum unknown. 


Measurements: 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 6.5 2.5 2.8 0.38 0.43 
Other specimens 
(n=8) Mean 6.4 2.7 2.8 0.42 0.44 
S.D. 0.2 0.5 0.4 0.06 0.06 
Range 6.2- 2.2- 2.5- 0.35- 0.40- 
6.7 3.4 3.8 0.51 0.57 


Location of type 
Holotype. AM C.16744. 


Type locality 
44 m depth off Cabbage Tree I., Port Stephens, NSW. 


Material examined 

Types. 

QLD: 284 m, E of North West I. (AM); 320 m, E of North West I. (2AM); 339 m, 
39 km E of Lady Musgrave I. (AM); 357 m, 40 km E. of Lady Musgrave I. (AM); 
365 m, NE of Lady Musgrave I. (AM); 114-124 m, NE of Cape Moreton (AM); 
115-119 m, NE of Cape Moreton light (AM). NS W: 203m E of Cape Byron(AM), 
40m off Manning River mouth (AM); Cabbage Tree I., Port Stephens (AM); 
75-91m Cape Three Points, south of Tuggerah Lakes (AM); 146m, 35km E of 
Narrabeen (2 AM); 55-64 m off Crookhaven, NSW (2 WAM); 0-102m off Botany 
Heads (AM); 112-203 m, 29 km off Malabar (AM); 200 m off Sydney (AM); 384 m 
off Sydney (AM); 393 m off Sydney (AM); 549 m off Sydney (AM); 99-128m off 
Wattamolla, (AM); 115-137m off Port Kembla (AM); 40km off Twofold Bay 
(AM); 91-128m off Green Cape (AM); VIC: 43 km SE of Cape Everard (AM); 
146-158 m between Cape Howe and Lakes Entrance (AM); 155 m SE of Lakes 
Entrance (AM). 


Distribution 
0-549 m depth, North West I., Queensland to Lakes Entrance, Victoria. 


Remarks 
See comments under S. eburnea. 


Splendrillia and Austrodrillia 





Plate 4. — Splendrillia. Figs. 1,2. Melatoma subviridus May, 1910. Holotype, TM E.721/8062. Figs. 
3,4. Drillia nenia Hedley, 1903. Holotype, AM C.16744. Figs. 5,6. Melatoma eburnea 


Hedley, 1922. Holotype, AM C.103542. Figs. 7,8. Clavus candidulus Hedley, 1922. 
Holotype, AM C.2675. 
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Splendrillia eburnea Hedley, 1922 
Plate 4, Figs. 5,6. 


Melatoma eburnea Hedley, 1922: 251, pl. 45, fig. 43. 


Splendrillia eburnea (Hedley). Laseron, 1954: 16, pl. 3, fig. 64. Iredale and 

McMichael, 1962: 77. Macpherson and Gabriel, 1962: 232. Powell, 1966: 83. 
Shell 

Shell small, 10 mm, light, high spire. Protoconch dome shaped, smooth, glossy, 
of 2 whorls, 0.53 mm high, 0.93 mm wide; teleoconch of 5 whorls. Suture impressed 
with indistinct spiral cord just below. About 14-15 low rounded ribs extend below 
the constriction to the next suture. These angle to the left in apertural view but 
above the constriction they angle to the right. Ribs on body whorl do not reach 
base; last rib enlarged. Whorls have very fine spiral striae and growth lines. Lip 
thin, simple, aperture elongate, columella broad, anterior siphonal canal short, 
broad, shallow. Sinus broad, shallow, small callus present. Shell yellowish white, 
aperture glossy white. Radula and operculum unknown. 


Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 9.8 3.9 3.9 0.40 0.40 
Mean (n=8) 7.3 2.8 2.8 0.39 0.38 
S.D 1.3 0.5 0.5 0.02 0.04 
Range 5.7- 2.3- 2.3- 0.37- 0.37- 
9.8 3.9 3.9 0.42 0.42 


Location of types 


Holotype. AM C.103542. Paratypes: 1 specimen, AM C.110780; 8 specimens, 
AM C.103543. 


Type locality 
146 m depth off Gabo 1., Vic. 


Material examined 

Types. 

NSW: 384 m off Sydney (AM); 457 m off Sydney (AM); 549 m off Sydney 
(AM); 281 m E of Wollongong (AM); 274 m S of Eden (A M); VIC: 402-438 m SE 
of Gabo I. (AM). 


Distribution 
274-549 m off southern New South Wales and eastern Victoria. 


Remarks 

Itis odd that in his description of Melatoma eburnea Hedley (1922) compared it 
with Pleurotoma laevis Hutton, a New Zealand species currently recognized as S. 
aoteana Finlay, 1930 (Powell, 1979), but not Drillia nenia. The comparison was 
made by Laseron (1954) who found the two species to be very close but S. nenia 
smaller, relatively broader with fewer and more prominent axial ribs. However 
Laseron (1954) himself figured a 9 mm specimen of S. nenia, only slightly smaller 
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than the holotype of S. eburnea. Comparison of the holotypes of the two species 
reveals that the width/ length ratios are virtually identical: 0.40 for S. nenia and 0.38 
for S. eburnea, negating the suggestion that S. nenia is broader. Differences in rib 
counts and size are simply a reflection of the smaller size of the S. nenia holotype, 
but the ribs of S. nenia are heavier. There is also a tendency for the development of 
a spiral cord just below the suture of S. eburnea which is absent in S. nenia. 


Comparison of two paratypes of Pleurotoma laevis Hutton, 1873 (АМ C.16634) 
with the holotypes of both Drillia nenia Hedley, 1903 and Melatoma eburnea 
Hedley, 1922 shows that the three are very closely related. The measured shell of P. 
laevis is longer than the other two (12.8 mm) but is of a similar slenderness (W/L = 
0.39) with a similar number of ribs. However P. laevis differs in having a larger 
protoconch, less pronounced ribs which begin only onthe second teleoconch whorl 
instead of the first, and less angular whorl. In addition there are no beads above the 
constriction on the upper part of each whorl of P. laevis. 


Splendrillia candidula (Hedley, 1922) 
Plate 4, Figs. 7,8. 


Clavus candidulus Hedley, 1922: 255, 256, pl. 45, fig. 47. 
Austroclavus candidulus (Hedley). Cotton, 1947: 1-12. 


Shell 

Shell small, 11 mm high, high spire, glossy white. Small, smooth, rounded glossy 
protoconch of 2 whorls, 0.33 mm high, 0.60 mm wide. 5 teleoconch whorls. Whorls 
with low ribs, up to 8 per whorl becoming more spaced with growth; last half of 
body whorl without ribs. Ribs go down entire whorl but are constricted just below 
suture. Numerous fine growth lines. Columella broad, glossy. Aperture elongate, 
siphonal canal broad, moderate length; posterior canal narrower but distinct. 
Outer aperture squarish, slightly thickened, curved in. Color uniform glossy white. 
Radula and operculum unknown. 





Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 5.3 2.0 2.1 0.38 0.40 
Paratypes 5.8 2.1 2.0 0.36 0.34 
5.1 2.0 2.0 0.39 0.39 





Location of types 
Holotype. AM C.2675 (part). Paratypes, 2 specimens AM C.2675 (part). 


Type localities 
18 m depth, Cape Sidmouth, Qld. (quisqualis), 36 m. depth, off Darnley I., 
Torres Strait, Qld. 


Material examined 
Types. 
QLD: 114-124 m off Cape Moreton (AM); 22 m off Mulgrave I. (AM). 
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Distribution 
18-124 m depth, known only from Queensland. 


Remarks 

Splendrillia candidulus was included in the genus Clavus by Hedley (1922). 
However it is closer to several of the small species included in Splendrillia than it is 
to the tropical Australian Clavus and is here transferred to Splendrillia. 


Splendrillia candidulus can be differentiated from S. nenia by being larger but 
having fewer ribs that are larger and more rounded than those of S. nenia. The 
species is also close to S. hedleyi but has a smaller A/L ratio (0.40 vs 0.45), fewer 
teleoconch whorls (5 vs 7), and fewer axial ribs (8 vs 13). 


Splendrillia buicki n. sp. 
Plate 5, Figs. 1,2. 

Shell 

Shell small, 7 mm, high spire, light weight. Protoconch low, but globose, 
smooth, 2 whorls, 0.47 mm high, 0.73 mm wide. Up to 6 rounded teleoconch 
whorls. Suture distinct, nearly straight. Upper surface of whorls with spiral cord. 
Heavy, broad axial ribs extend from margin of spiral cord to lower suture. 10 ribs 
on penultimate whorl, 7 on body whorl. Ribs do not extend below shoulder of 
body whorl. Final rib enlarged to form low varix on upper part of whorl; final 
one-third of body whorl lacks ribs. Fine axial growth lines present but no spiral 
sculpture apart from cord. Outer lip thin, rounded with a hint of a stromboid 
notch. Sinus deep, constricted at entrance by lip. Small callus present. Columella 
thin, slightly convex. Anterior end of shell truncate, anterior canal broad, short, 
not notched. Aperture subrectangular. Base colour white, yellowish between ribs. 
Thin spiral yellow line at base of spiral cord. Additional line near base of lower 
whorls, 4 lines on body whorl. Prominent yellow blotch on lip side of varix. Radula 
and operculum unknown. 





Measurements 
_Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 5.0 1.9 2.0 0.38 0.40 
Paratypes (n=4) 
Mean 5.7 2.0 2.3 0.35 0.40 
S.D. 0.7 0.2 0.1 0.01 0.03 
Range 5.1- 1.8- 2.1- 0.33- 0.36- 
6.7 2.2 2.4 0.36 0.43 
Holotype 
183 m depth NW of Beagle I., W.A. (29943.5'S; 114920'E) (WAM 852-89). 
Paratypes 


WA: 80 m depth, Recherche Archipelago (34°19.5’S; 121927'E) (WAM 856-89; 
SAM); 81 m depth, Recherche Archipelago (34909'S; 121927’E) (AM C.161082; 
WAM 854-89; NMNZ); 76 m depth, off Albany (3500675; 118939'E) (AM 
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C.161083); 161-165 m depth, NW of Bunbury (336:15'S; 114936'E) (AM C.161076); 
176-182 m depth, W of Garden I. (32915.7’S; 115%06.7'Е) (WAM 853-89); 210-212 
m depth, W of Garden I. (32915’S; 115907'E) (AM C.161077); 201-214 m depth, W 
of Rottnest I. (31959.5’S; 114913’E) (AM C.161080); unknown depth, off Rottnest 
I. (31°40.2’S; 115°09.3’E) (AM C.161081); 192-256 m depth, NW of Cervantes 
(30°30’S; 114938'E) (AM C.161078; MNHN); 154 m depth, WNW of Lancelin 
(30958’S; 114953'E) (WAM 851-89); 128-140 m depth, NW of Green Head (30037'S; 
114938’E) (AM C.161079). All material was collected during cruises by HMAS 
‘Diamantina’ and HMAS ‘Moresby’. 


Range 
76-256 m depth, from the Recherche Archipelago to NW of Beagle I., W. A. 


Etymology 

This species is named in honor of Mr. G. M. Buick in recognition of his 
numerous services to malacology over many years and in more recent years his help 
with this turrid research. 


Remarks 
Splendrillia buicki has a very smooth surface and is characterised by the spiral 
lines which do not occur on other species. See comments under S. longbottomi. 


Splendrillia longbottomi n. sp. 
Plate 5, Figs. 3,4. 


Shell 

Shell very small, 5 mm, high spire, medium weight. Protoconch high, smooth, 
rounded, 2.5 whorls, 0.53 mm high, 0.93 mm wide. 4 teleoconch whorls with 
irregular margins. Suture impressed, wavy. Strong, thin axial ribs extend suture to 
suture; 14 on penultimate whorl, 16 on body whorl, often match on adjacent 
whorls. Ribs start at suture, form low nodules, decrease, then reach a second peak 
at midpoint of whorl. Outer lip thickened, rounded. Sinus broad, shallow. Callus 
distinct. Columella thin, slightly convex. Aperture broad, rectangular. Shell 
truncate, anterior canal short, broad, not notched. Colour uniform off white in 
dead collected shells. Radula and operculum unknown. 








Measurements ` 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
ee cc a е 00 E LL 
Holotype 4.7 2.0 2.1 0.43 0.45 
Paratypes (n=4) 
Mean 4.7 1.7 2.0 0.37 0.42 
S.D. 0.5 0.2 0.2 0.02 0.04 
Range 4.0- 1.5- 1.8- 0.35- 0.37- 
5.0 1.9 2.1 0.38 0.48 
Holotype 


165 m depth, off Rottnest 1., W.A. (31944.9'S; 115908.3'E) (WAM 855-89). 
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Plate 5. — Splendrillia. Figs. 1,2. Splendrillia buicki n. sp. Holotype, WAM 852-89. Figs. 3,4. 
Splendrillia longbottomi n. sp. Holotype, WAM 855-89. Figs. 5,6. Splendrillia hansenae 
n. sp. Holotype, WAM 72-90. Figs. 7,8. Splendrillia hedleyi n. sp. Holotype, AM 
C.161066. 


Paratypes 
WA: 81 m depth, Recherche Archipelago (34909'S; 121927'E) (SAM); 200-221 m 


depth, NW of Bunbury (33900'S; 114937'E) (AM C.161071); 176-182 m depth, W of 
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Garden I. (32915.7'S; 115906.7'E) (WAM 857-89); 210-212 m depth, W of Garden I. 
(32915'S; 115907'E) (AM C.161072); 182 m depth, W of Rottnest I. (31959'S; 
115914'E) (AM C.161075); 201-214 m depth, W of Rottnest I. (31959.5'S; 1159 13'E) 
(NMNZ); 139 m depth, Direction Bank, off Rottnest I. (31944.4'S; 115912.2'E) 
(AM C.161070); 150 m depth, off Rottnest I. (31939.8’S; 115907. 1'S) eMN HN); 154 
m depth, WNW of Lancelin (30958'S; 114953'E) (AM C.161073); 183 m depth, NW 
of Beagle I. (29943.5'S; 114920'E) (AM C.161074). All specimens were collected on 
cruises of HMAS ‘Diamantina’ and HMAS ‘Moresby’. 


Range 
80-214 m depth, Recherche Archipelago to WNW of Lancelin, WA. 


Etymology 

I name this species after Mr. A. F. Longbottom in acknowledgement of the 
considerable help he has given me at the Western Australian Museum over the last 
14 years. 
Remarks 

Splendrillia longbottomi occurs sympatrically with S. buicki, but is readily 
distinguished by a number of features, including having a smaller, heavier shell 
with thinner ribs with nodules just below the suture, the ribs extending well down 
the body whorl, followed by spiral striae, a varix is absent, and the shell has a more 
irregular appearance. 


Splendrillia hansenae n. sp. 
Plate 5, Figs. 5,6. 

Shell 

Shell small, 13 mm, high spire, medium weight. Protoconch of 2 whorls, low, 
0.86 mm high, 1.35 mm wide, rounded. Up to 6 teleoconch whorls. Suture straight, 
distinct. Whorls flat on upper surface, slight lines towards right enlarge rapidly at 
midwhorl into about 14 large, rounded ribs which orient to left to base of whorl; 
ribs largest at centre of whorl. Ribs extend only part way down body whorl. 
Surface smooth, no spiral sculpture. Outer lip thickened, rounded. Sinus broad, 
moderately deep, with distinct callus above. Columella thin, slightly convex. 
Aperture oval. Anterior canal broad, short, shallow. Colour uniform pink, tops of 


ribs lighter, protoconch darker; aperture pink. 











Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 11.1 4.6 4.3 0.41 0.39 
Paratypes (WAM 264-65) 
Mean (n=6) 11.5 4.4 4.5 0.39 0.39 
S.D. 1.3 0.5 0.7 0.03 0.03 
Range 9.7- 3.8- 3.8- 0.36- 0.35- 
13.2 4.9 5.4 0.43 0.44 
Holotype 


Augusta, W.A. (WAM 72-90). 
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Paratypes 

WA: Augusta (WAM 73-90) 14 specimens; Cape Leeuwin Lighthouse, Augusta 
(WAM 54-90) 3 specimens; Windy Harbour, Cape d'Entrecasteaux (WAM 264- 
65) 6 specimens. 


Other material examined 

Parry's Beach, between Denmark and Walpole (G. M. Hansen Colln.). 
Range 

Known only from the western portion of the south coast of Western Australia. 


Etymology 

lam pleased to name this species after Mrs. С. M. Hansen in recognition of the 
tremendous assistance she has provided to me at the Western Australian Museum 
over the last 14 years, and in particular for her help with the turrid research project 
over the last two years. 


Remarks 

The bright pink colour easily distinguishes S. hansenae from all other Australian 
representatives of the genus. It is intermediate in size between the large species of 
the genus such as S. spadicina and smaller species such as S. buicki, though it is 
closer to the latter in size. Splendrillia hansenae also lacks the strong ribbing of S. 
buicki. It resembles Austrodrillia subplicata but is larger, pink coloured, has a less 
rounded aperture stronger shoulder and less distinct suture. 


Splendrillia hedleyi n. sp. 


Plate 5, Figs. 7,8. 
Shell 


Shell small, 10 mm, very high spired, light weight. Protoconch globose, smooth, 
2 whorls, 0.67 mm high, 0.93 mm wide. Up to 7 teleoconch whorls. Suture thin but 
distinct, nearly straight. Whorls pointed at middle. Upper and lower parts of 
whorls smooth, centre has a series of short, high ribs; 13 on body whorl, 11 on 
penultimate whorl, extend well down rostrum of body whorl. Surface of shell 
smooth except for very fine axial growth striae. Outer lip thin, reflected inwards, 
with slight stromboid notch. Sinus extremely deep, sides straight. Callus low. 
Columella broad posteriorly, tapers anteriorly, slightly convex. Aperture long, 
narrow. Shell truncate, anterior canal short, moderate width, narrowed at middle 


by outer lip, not notched. Shell uniform glossy white. Radula and operculum 
unknown. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 9.9 3.9 4.5 0.39 0.45 
Paratypes 
Mean (n=4) 9.7 3.5 4.2 0.36 0.43 
S.D. 0.8 0.3 0.3 0.05 0.02 
Range 9.0- 3.3- 4.0- 0.36- 0.40- 
10.4 3.8 4.6 0.37 0.45 


= 
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Holotype 
613-668 m depth off Cairns, Qld. (19909'36-42"S; 146942'00-24"E) (AM 
C.161066). 


Paratypes 

QLD: 613-668 m depth off Cairns (19909'36-42"S; 146942'00-24"E) (AM 
C.161067); 476-531 m depth, E of Lady Elliot I. (24900'S; 153906.5'E) (AM 
C.161068); 604 m depth, E of Sandy Cape (24943.5-8'S; 153033.4-33'E) (WAM 
858-89); 114-124 m depth NE of Cape Moreton (2 AM C.161069; WAM 859-89; 
MNHN; MV; NMNZ; QM; SAM; ZMA). Much of the type material was 
collected on cruises of HMAS ‘Kimbla’. 


Range 
114-668 m depth, from off Cairns south to off Cape Moreton, Qld. 


Etymology 
I name this species after Charles Hedley in recognition of the considerable 
contribution he made to our knowledge of Australian turrids. 


Remarks 

Splendrillia hedleyi is similar to S. nenia but is larger, has a higher spire, more 
whorls, and has shorter but more pointed ribs. It is also similar to S. candidulus but 
has a thinner spire, a thinner, more elongate aperture, and shorter, more pointed 
ribs. 


Splendrillia powelli n. sp. 
Plate 6, Figs. 1,2. 


Shell 

Shell small, 9 mm, high spired, medium weight. Protoconch high, rounded, 
smooth, 2 whorls, 0.53 mm high, 0.73 mm wide. Up to 6 teleoconch whorls. Suture 
thin, distinct, straight. Upper part of upper whorls smooth but a spiral cord 
develops on lower whorls. Middle of whorls have broad, heavy axial ribs which 
extend from about one-third of the way down the whorl to the next suture; 13 ribs 
on penultimate whorl, 11 on body whorl which extend just to shoulder. Final rib of 
body whorl swollen into partial varix; remainder of whorl smooth. About 6 faint 
spiral striae on rostrum. Outer lip thickened. Sinus deep, V shaped. Small callus. 
Thin, convex columella. Aperture rectangular. Shell truncate, anterior canal short, 
broad, notched. Colour uniform glossy white. Radula and operculum unknown. 











Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 7.4 2.6 3.2 0.35 0.43 
Paratypes 7.2 2.6 3.1 0.36 0.43 
8.6 3.2 3.4 0.37 0.40 
Holotype 


150 m depth, NE of Lady Elliot І. (24903.7'S; 152949.4'E) (AM C.161063). 
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Plate 6. — Splendrillia. Figs. 1,2. Splendrillia powelli n. sp. Holotype, AM C.161063. Figs. 3,4. 
Drillia gratiosa Sowerby, 1896. Syntype, SAM 0.13549. “Crassispira”. Figs. 5,6. 
“Crassispira” harpularia AM C.156588. Figs. 7,8. Melatoma duplaris Hedley, 1922. 
Holotype, AM C.15130. 
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Paratypes 

QLD: 613-668 m depth, off Cairns (17909'36-42"S; 146042'00-24”Е) (AM 
C.161065); 150 m depth, NE of Lady Elliot I. (24903.7'S; 152049.4'Е) (AM 
C.161064; WAM 860-89); 296 m depth, E of Lady Musgrave I. (23952.5-51.99’S; 
152942.7-41.7’E) (MNHN; QM). АП type material was collected on cruises of 
HMAS 'Kimbla'. 


Range 
Known only from 150 to 668 m depth, between Cairns and Lady Elliot 1., 
Queensland. 


Etymology 
I name this species after Dr. A. W. B. Powell in recognition of the considerable 
contribution he made to our knowledge of the family Turridae. 


Remarks 

Splendrillia powelliis close to S. hedleyi but is distinguished by the spiral cord on 
the upper part of the lower whorls and the varix on the body whorl. In addition S. 
powelli has longer axial ribs, a rectangular aperture, a notched anterior siphonal 
canal, and spiral striae on the rostrum. 


Splendrillia gratiosa (Sowerby, 1896) 
Plate 6, Figs. 3,4. 


Drillia gratiosa Sowerby, 1896: 25, pl. 3. fig. 1. Verco, 1909: 302. 
Melatoma gratiosa (Sowerby). Hedley, 1922: 251. 

Splendrillia gratiosa (Sowerby). Cotton, 1947: 11, pl.1, f. 1. 
Antimelatoma gratiosa (Sowerby). Cotton, 1959: 393. 


Shell 

Shell medium, 18 mm, high spire, light weight. Protoconch high, smooth, 
rounded, 2 whorls, 0.90 mm high, 0.65 mm wide; teleoconch of 8 whorls. Suture 
straight, whorls slightly rounded, lack sculpture. Outer lip thin. Sinus deep, U 
shaped with small callus. Aperture rectangular, columella indistinct. Anterior 
canal broad, deep. Colour very light brown with off white band below suture and at 
bottom of body whorl. Operculum and radula unknown. 


Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 

Syntype 17.8 6.1 6.0 0.34 0.34 


Location of type 
Syntype, 1 specimen plus fragment. SAM D.13549. 


Type locality 
Gulf St. Vincent, SA. 


Material examined 
Syntype. 
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Distribution 
Known only from the type locality. 


Remarks 

Splendrillia gratiosa is known from a single complete specimen and one small 
fragment. The complete specimen lacks sculpturing, but is very worn. The lack of 
sculpturing could simply be an artifact of the worn nature of the shell. The absence 
of other specimens suggests the syntype of S. gratiosa may be a specimen of another 
species that is simply too worn to be identified. 


SUBFAMILY CRASSISPIRINAE MORRISON, 1966 
Morrison, 1966: 1,2. McLean, 1971: 119-123. Kilburn, 1988: 232-298. 


Diagnosis 

Shells claviform, small to large, high spire, protoconch smooth, anterior canal 
short to moderate, anal sinus on shoulder, parietal callus poorly developed or 
absent, operculum oblolanceate. Radula usually of marginal teeth only. Probably 
present in Upper Cretaceous to Recent, widespread distribution. 


Genus Crassispira Swainson, 1840 


Diagnosis (for Australian species). 

Shells small to large, 8 to 30 mm, high to very high spired, protoconch smooth of 
about 2 whorls. 6 to 9 teleoconch whorls. Sculpture nearly smooth (“C.” ansonae) 
to complex, with both spiral and axial ribbing. Characteristic row of spiral beading 
just below suture. Aperture nearly rectangular, outer lip reflected inwards. Sinus 
deep, callus present. Anterior end truncate. 


Remarks 

“Crassispira” harpularia has been placed in a variety of genera since it was first 
described, including Pleurotoma, Crassispira, Drillia, Melatoma, and Splendrillia. 
Since Cotton (1947) placed the species in Splendrillia it has remained in this genus. 
However, the radula of "C. "harpularia has never been figured and is reported here 
for the first time. It is very similar to that of Austrodrillia angasi, which is also 
reported for the first time, and very unlike that of the type species of the genus 
Splendrillia, S. woodsi. The radulae of both “C”. harpularia and A. angasi are of 
the type described for the Crassispirinae by McLean (1971) and both are 
transferred to this subfamily. 


The question of which genus to place “C.” harpularia in is more difficult. There 
are no southern Australian genera currently included in the Crassispirinae. The 
species is placed in "Crassispira" temporarily pending a generic review of the 
subfamily Crassispirinae. 


"Crassispira" harpularia (Desmoulins, 1842) 
Plate 1, Fig. 2. Plate 6, Figs. 5,6. 
Pleurotoma harpula Kiener, 1840: 58, 59, pl. 18, fig. 3. 


Pleurotoma harpularia Desmoulins, 1842: 162. Reeve, 1843: pl. 15, fig. 124. New 
name for P. harpula Kiener, 1840, not Murex harpula Brocchi, 1814 nor 
Pleurotoma harpula Deshayes, 1834). 
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Crassispira harpula (Kiener). Menke, 1853: 73. 


Drillia harpularia (Desmoulins). Angas, 1865: 159. Tate, 1879: 137. Tryon, 1884: 
193, pl. 14, f. 99. Sowerby, 1896: 24. Pritchard and Gatliff, 1899: 170. Verco, 
1909: 296. 


Drillia (Crassispira) harpularia (Desmoulins). H. and A. Adams, 1868: 91. 


Pleurotoma (Crassispira) harpularia (Desmoulins). Weinkauff, 1876: 97, pl. 21, f. 
2. 


Melatoma harpularia (Desmoulins). Hedley, 1922: 251. 


Antimelatoma harpularia (Desmoulins). Cotton, 1947: 11. Cotton, 1959: 393. 
Macpherson and Gabriel, 1962: p. 232. 


Splendrillia harpularia (Desmoulins). Powell, 1966: 83. Wells and Bryce, 1986: 120, 
pl. 40, fig. 467. 


Shell 

Shell medium, 30 mm, high spired, medium weight. Protoconch globose, 
smooth, 2 whorls, 0.73 mm high, 0.87 mm wide. Teleoconch with up to 9 whorls. 
Sutures impressed; pronounced subsutural fold. Approximately 19 pronounced 
axial ribs/ whorl extend from subsutural fold to next suture. Ribs not vertical, 
bottom offset to left. Progressively smaller on body whorl towards lip. Strong 
spiral striae on all whorls; becomes only sculpturing on body whorl below ribs. 
Sinus deep, rounded, with large callus. Outer lip slightly thickened. Anterior 
siphonal canal broad, shallow. Columella broad, slightly callused, callus at top 
end. Aperture of moderate width, cylindrical. Shelllight to dark brown or orange. 





Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Mean (n=12) 21.6 7.0 7.5 0.33 0.35 
S. D. 3.3 0.8 1.2 0.02 0.02 
Range 18.2- 6.2- 5.9- 0.29- 0.30- 
27.7 8.6 9.7 0.35 0.37 
Radula 


Radula (Plate 1, Fig. 2) consists of single long, curved marginal tooth on each 
side, 150 um long and 29 um wide. Basal plate absent. Entire lower surface of tooth 
curved. For first 2/3 of tooth length the upper surface nearly matches lower 
curvature, before straightening and coming to sharp point. Upper portion has a flat 
elevated area with complex structure. 


Location of type 
Not known. 


Type locality 

Probably King George Sound, W.A. (Hedley, 1922). Fossil records: Limestone 
Creek, Glenelg River (Werrikooian), S. A., Upper Pliocene (Dennant and Kitson, 
1903). Quaternary, S. A. (Ludbrook, 1984). (Specimens not seen.) 
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Material examined 

TAS: Brown В. (AM). VIC: Portland (MV). SA: (5 MV; WAM); Glenelg 
(AM); Adelaide (2 AM); Semaphore Beach, Adelaide (AM); Gulf St. Vincent 
(AM, 2 MV); Corny Point, Yorke Peninsula (AM); Hardwicke Bay, Yorke 
Peninsula (AM); Spencers Gulf (AM,MV); near Red Cliff Point, E side, Upper 
Spencers Gulf (AM); Port Lincoln (MV); 9m Arno Bay (AM); Smokey Bay, Eyre 
Peninsula (2AM). WA: (2AM); N Twin Peaks, Recherche Arch. (MV); Sandy 
Hook I., Recherche Arch. (MV); Mondrain I., Recherche Arch. (WAM); Albany 
(3AM); Oyster Harbour, Albany (8WAM); Princess Royal Harbour, Albany 
(AM); Geographe Bay (АМ, МУ); .Dunsborough (AM, WAM); Busselton 
(2WAM). 


Distribution 
Victoria and Tasmania to Geographe Bay, W.A. In southwestern Australia the 
species is found on subtidal sandflats. 


Remarks 

The AM collection has a single lot from off Sow & Pigs Reef, NSW. However 
there are no other records of this common species in New South Wales, and the 
locality is regarded as being incorrect. 


Splendrillia harpularia is easily distinguished from all other southern turrids by 
its relatively large size, pronounced spiral cord just below the suture, prominent 
axial ribbing, and spiral striae. 


“Crassispira” duplaris Hedley, 1922 
Plate 6, Figs. 7,8. 


Melatoma duplaris Hedley, 1922: 250, 251, pl. 45, fig. 42. 
Splendrillia duplaris (Hedley). Cotton, 1947: 11. 


Shell 

Shell small, 8 mm, solid, high spired. Protoconch small, rounded, glossy, 2 
whorls, 0.33 mm high, 0.60 mm wide; teleoconch of 6 whorls. Sutures deeply 
impressed with a pronounced constriction on the whorl below suture. Strong 
nodules above constriction are connected by wavy axial striae to strong ribs lower 
on the end of shell, last rib thickened. Last half of body whorl smooth, without ribs. 
About 10 fine spiral striae on body whorl below ribs; additional broken striae are 
found between the lower parts of the axial ribs. Lip thickened, aperture wide, 
cylindrical, columella narrow, anterior siphonal canal short, broad, but deep. 
Sinus deep, notch with prominent callus. Shell glossy cream colour, aperture white. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 

Holotype 8.2 3.2 2.9 0.39 0.35 


Location of type 
Holotype, 1 specimen. AM C.15130. 
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Type locality 
9 m. depth, off Horsey River, about 64 km north of the Mitchell R., Gulf of 


Carpentaria, Qld. 


Material examined 
Holotype. 


Distribution 
Known only from the type locality. 


Remarks 

"Crassispira" duplaris is closest to “С.” harpularia but differs in having a heavier, 
broader shell, a less distinct spiral cord, and broader and less numerous axial ribs. 
In addition “С.” duplaris is a tropical species known only from the Gulf of 
Carpentaria, while S. harpularia is a temperate species. "Crassispira" duplaris is 
also similar to S. eburnea, but the spiral cord of S. eburnea is more distinct, the ribs 
are straighter, and the protoconch larger. In addition 5. eburnea is a southern 
species. 

No radula of “C.” duplaris is available for examination, so the subfamily in 
which the species should be included is uncertain. The shell is conchology most 
similar to that of “С.” harpularia, so the species is tentatively transferred to the 
genus Crassispira. 


"Crassispira" ansonae n. sp. 
Plate 1, Fig. 3. Plate 7, Figs. 1,2. 


Shell 

Shell large, 27 mm, high spire, light weight. Protoconch large, rounded, 2.5 
whorls, 1.02 mm high, 1.27 mm wide. Up to 9 rounded teleoconch whorls. Suture 
distinct, nearly straight. About 20 low, indistinct, rounded axial ribs/ whorl, curve 
to right on upper third of whorl then shift to the left lower, forming spiral cord at 
top. Ribs and cord more distinct on early whorls. Ribs penetrate only slightly down 
body whorl. Final rib on body whorl enlarged to form low varix. About 30 fine 
spiral lirae on penultimate whorl, 50 on body whorl. Outer lip thickened, slightly 
reflected inwards. Aperture elongate oval. Sinus deep, rounded but entrance 
constricted sharply by outer lip. Small callus. Columella of moderate width, 
slightly convex. Shell truncate, anterior canal short, broad, not notched. Shell light 
yellowish white in live collected material, (white in beach collected shells) with line 
of small brown flecks below suture; and two to three lines of white flecks on spiral 
lirae; aperture white. 


Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 

AM specimens 27.1 8.4 9.5 0.31 0.35 


24.6 7.4 7.7 0.30 0.31 
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Radula 

Radula of marginal teeth only (Plate 1, Fig. 3). Teeth long (240 um), narrow (30 
um), slightly curving. Basal plate slightly broadened. Slight notch along side into 
which adjacent tooth fits. Last third of tooth straightens to distinct point. 
Operculum 

Unknown. One specimen was broken open to obtain the radula, but the 
operculum was lost. The holotype is believed to contain a preserved animal, but the 
shell was not broken open. 
Holotype 

WAM 75-90. 7.5 m depth, bay inside lighthouse, Cape Leeuwin, Augusta, WA. 
Paratypes 

WA: Cape Leeuwin Lighthouse, Augusta: (AM C.161062), 1 specimen; (WAM 
50-90) 3 specimens; (WAM 51-90) 4 specimens; Ringbolt Bay, Augusta (WAM 
55-90) 2 specimens; Lighthouse, Augusta: (WAM 69-90) 2 specimens; (WAM 
70-90) 2 specimens; Augusta (AM C.161061) 11 specimens. 
Range 

Known only from Augusta, WA. 
Etymology 

“С.” ansonae is named after Mrs. Wendy Anson in recognition of the many 
interesting specimens she collected in the southwest of Western Australia over a 
number of years. Much of the type material of *C. "ansonae was collected by Mrs. 
Anson. 
Remarks 

“C.” ansonae has long been known from very worn beach material collected at 
Augusta over the years by Mrs. Anson. In February 1990 a trip was made to 
Augusta to try to collect live material. Several specimens were found in the bay 
adjacent to the Cape Leeuwin lighthouse at 7.5 m depth, but only two were alive. 
The bottom in this area is a mixture of basement granite, with some granite 
boulders interspersed with sandy areas. Macroalgae are abundant. The live "C." 
ansonae were located in small sand patches among the granite rock or in sand 
under small granite boulders. 


“С.” ansonae has a much smoother shell than either “С.” harpularia or "C." 
duplaris, lacking the strong spiral striae and with broader, less distinct axial ribs. 
“C.” ansonae also resembles two species included here in Splendrillia, for which the 
radula is not known. It resembles S. spadicina of eastern Australia, but differs in 
havinga lighter shell with less pronounced ribs and spiral cord and a lighter colour. 
It does not have as many whorls or as tall a spire as S. acostata. 


Genus Austrodrillia Hedley, 1918 


Austrodrillia. Hedley, 1918: M79. Type species angasi Crosse (o.d.). Cotton, 1947: 
10. Cotton, 1959: 393. Macpherson and Gabriel, 1962: 232. Iredale and 
McMichael, 1962: 232. 

Diagnosis 
Shell small, 8-16 mm, high spired, medium to solid, anterior end truncated. 

Protoconch paucispiral, 2 whorls or less, smooth, rounded. Teleoconch up to 6 
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whorls. Adult sculpture variable smooth to strong axial ribs or spiral striae. 
Subsutural fold absent. Sinus deep, U shaped, callused. Outer lip thin, lacks varix 
but may be reflected inwards. Stromboid notch indistinct. Anterior canal short, 
moderate to wide, shallow notch. White to brown or reddish. Southeastern 
Australia; 29-550 m. 


Remarks 

Austrodrillia angasi 15 the type species of the genus Austrodrillia, which has only 
been placed in the Clavinae by previous authors. McLean (1971) defined the 
Clavinae as being the only subfamily with rachiglossate, comblike lateral teeth. As 
these teeth are absent in A. angasi, an alternative subfamilial placement is needed. 
Several subfamilies can be considered. 


The first potential subfamily is the Turrinae, which has a radula with or without 
a central tooth and with wishbone shaped marginals (McLean, 1971). A. angasi 
fills this criterion, but inthe Turrinae the anal sinus is on the peripheral keel, not on 
the shoulder as it is in the closely related Turriculinae (McLean, 1971). On this basis 
A. angasi is not included in the Turrinae. 


The second potential subfamily is the Turriculinae. McLean (1971) characterizes 
the radula of this subfamily as being with or without a central tooth, and with the 
laterals wishbone shaped or with the distal limb severed. In addition to fulfilling 
this also A. angasi has the anal sinus on the shoulder. However, the anterior canal 
of Austrodrillia is short compared to most other genera of the Turriculinae, and 
this subfamily is rejected. 


The most obvious potential subfamily is the Crassispirinae, which was removed 
from the Clavinae by Morrison (1966). This subfamily includes all the 
nontoxoglossate genera which lack central and marginal teeth (McLean, 1971). 
However McLean (1971) also characterizes the subfamily on the basis of having a 
parietal callus, but this is not really a subfamilial character. It is the Crassispirinae 
into which the genus Austrodrillia is placed. 


Austrodrillia angasi (Crosse, 1863) 
Plate 1, Figs. 4,7. Plate 7, Figs. 3,4. 


Pleurotoma angasi Crosse, 1863: 87, pl. 1, fig. 5. 


Drillia angasi (Crosse). Angas, 1867: 203. Tryon, 1884: 6. 187, pl. 9, fig. 37. Brazier, 
1889: 71. Whitelegge, 1889: 91. Gatliff and Gabriel, 1908: 375. 


Austrodrillia angasi (Crosse). Hedley, 1918: M81. Hedley, 1922: 247. Cotton, 1947: 
10. Allan, 1950: 192, pl. 22, fig. 5. Laseron, 1954: 16, pl. 3, fig. 59. Iredale and 
McMichael, 1962: 77. Macpherson and Gabriel, 1962: 232. Powell, 1966: 84. 


Shell 

Shell small (17 mm), spire very high, medium weight. Protoconch smooth, 
rounded, 2 whorls, 0.67 mm high, 0.93 mm wide; teleoconch 8 whorls. Suture 
slightly impressed. Upper 1/4th of whorl flat then broad, flat ribs develop. Highest 
near top of rib, give whorls convex appearance. 10-12 ribs/ whorl, penetrate almost 
to lower end of body whorl. Numerous fine spiral lines on whorls most pronounced 


106 Е.Е. Wells 


Plate 7. 





“Crassispira”. Figs. 1,2. “Crassispira” ansonae n. sp. Holotype, WAM 75-90. 
Austrodrillia. Figs. 3,4. Pleurotoma angasi Crosse, 1863. Syntype, BM(NH) 
1870.10.26.55. Fig. 5. Pleurotoma beraudiana Crosse, 1863. Syntype, BM(NH) 
1870.10.26.56. Figs. 6,7. Drillia taeniata Tenison Woods, 1878 (1879). Holotype, TM 
E.717/8058. 
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on lower half of body whorl. Axial growth lines also present. Outer lip thickened. 
Sinus short, narrow, U shaped, callus adjacent to entrance. Columella narrow, 
thin. Anterior siphonal canal short, shallow, broad. Aperture subrectangular, 
wide. Shell light greyish brown, dark brown between ribs, aperture off white at 
margins, light brown within. 


Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Syntypes 
Mean (n=7) 12.7 4.5 4.5 0.35 0.36 
53р: 0.6 0.3 0.2 0.02 0.02 
Range 11.9- 4.0- 4.3- 0.32- 0.34- 
13.7 4.9 4.9 0.38 0.40 
Radula 


Radula (Plate 1, Fig. 4) of one marginal tooth on each side; no central tooth and 
no lateral teeth. Marginals long (125 um), sloping, fairly narrow teeth (20 uum 
wide). Base of each tooth, at the lateral sides of the radula on the photograph, 
broad. Slightly above the base a ridge begins, extends for two thirds of length of 
tooth. Notch present on outside of tooth at about this point. Final third of tooth 
comes to a sharp point. 


Operculum 
Operculum brown, horny, oblolanceate, 2.1 mm long, 1.1 mm wide, and comes 
to a sharp point (Plate 1, Fig. 7). Distinct growth lines present. 


Location of type 
Syntypes, 7 specimens. BM(NH) 70.10.26.55. 


Type locality 
Port Jackson, NSW. 


Material examined 

Syntypes. NSW: (4 MV); Minnie Water, S of Clarence River (4 AM); Iluka 
(AM); Shelly Beach 8 km S of Yamba (AM); Shelly Beach, Angousie (AM); Wooli 
Beach (AM); Woolgoolga (2 AM); Coffs Harbour (2 AM); 18 m Fly Point, Port 
Stephens (AM); 15-18 km off Nelson Head, Port Stephens (AM); Catherine Hill 
Bay, S of Newcastle (AM); Budgewoi Beach (AM); 145 m off Broken Bay (AM); 
Port Jackson (2 AM; 2 MV); Sydney (WAM): Long Reef (MV); Balmoral, Sydney 
Harbour (2 AM); Little Fairlight (AM); Middle Harbour, Sydney (AM); Long 
Bay (MV); Ocean Beach, Kurnell, Botany Bay (AM); Shellharbour (AM); 
Gerringong, S of Kiama (AM); Wreck Bay, S of Nowra (AM); Huskisson, Jervis 
Bay (AM); 91 m Montague I. (AM). VIC: Lakes Entrance (MV); San Remo (MV); 
Philip I. (MV); Cowes (MV); Westernport (2 MV). TAS: Brown’s R. (AM). 


Distribution 
Subtidal to 90 m. New South Wales to Victoria and Tasmania. 


Remarks 
See remarks under A. beraudiana. 
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Austrodrillia beraudiana (Crosse, 1863) 
Plate 1, Fig. 5. Plate 7, Fig. 5-7. 


Pleurotoma beraudiana Crosse, 1863: 88, pl. 1, fig. 6. Weinkauff, 1876: 95, pl. 20, 
fig. 7,8. Tenison Woods, 1877 (1878): 27. 


Drillia beraudiana (Crosse). Angas, 1867: 203. Whitelegge, 1889: 91. Pritchard and 
Gatliff, 1899: 171. 


Drillia taeniata Tenison Woods, 1878 (1879): 36. Hardy, 1915: 69. 


Austrodrillia beraudiana (Crosse). Hedley, 1918: M81. Hedley, 1922: 248. Cotton, 
1947: 10. Allan, 1950: 192. Laseron, 1954: 16, pl. 3, fig. 60. Iredale and 
McMichael, 1962: 77. Macpherson and Gabriel, 1962: 232. Powell, 1966: 84. 


Shell 

Shell small, high spire, solid. Protoconch smooth, rounded, 2 whorls, 0.53 mm 
high, 0.80 mm wide; teleoconch up to 6 whorls. Suture impressed, sinuous. Upper 
quarter of whorl flat, followed by 8-9 thick, rounded whorls, widest at top. Ribs do 
not line up on adjacent whorls, taper off towards bottom of body whorl. Sinus 
small, with small callus at entrance. Columella thin, convex. Anterior siphonal 
canal short, broad, flat. Aperture elongate. Shell light greyish-brown with white 
knobs on ribs. Aperture yellowish brown; columella similar. 


Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
beraudiana Syntypes 
Mean (n=7) 14.5 5.8 5.6 0.40 0.37 
S. D. 1.3 0.6 0.5 0.01 0.02 
Range 11.7- 4.6- 4.0- 0.38- 0.34- 
15.3 6.3 5.7 0.41 0.39 
taeniata 
holotype 11.7 4.3 4.2 0.37 0.36 
Radula 


Radula (Plate 1, Fig. 5) of marginal teeth on each side; no central or lateral teeth. 
Basal plate slightly enlarged. Tooth long (100 рт), narrow, slightly curving, at 
maximum width of 15 um two-thirds up the tooth. Ridge on upper portion begins 
just above base, continues to broadest portion of tooth. Last third of tooth comes 
to a sharp point. 


Location of types 

(beraudiana) Syntypes, 7 specimens. BM(NH) 70.10.26.56. (taeniata): 
Holotype. TM E717/8058. 
Type localities 

(beraudiana) Port Jackson, NSW. (taeniata): Flinders I., Tasmania. 


Material examined 

Types. NSW: (MV); Clarence River (AM); Broughton I., Port Stephens (AM); 
Nelson Head, Port Stephens (A M); Catherine Hill Bay, S of Newcastle (A M); Port 
Jackson (5 AM; МУ); Sydney (AM; MV; WAM); Little Manly Cove, Sydney 
(AM); Middle Harbour, Sydney (2 AM); Bottle & Glass Rocks, Sydney (2 AM); 
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Balmoral, Sydney (AM); 3.5-9 m Balmoral, Middle Harbour, Sydney (AM); 
Kurnell, Botany Bay (AM); Huskisson, Jervis Bay (AM); Honeymoon Bay, Jervis 
Bay (AM); Batemans Вау (AM); Broulee (AM); Twofold Bay (AM). VIC: (4 MV); 
Lakes Entrance (MV); San Remo (MV); Cowes (MV); Western Port (AM; 3 MV); 
Flinders, Western Port (AM; 3 MV); Balnarring, Western Port (AM), Portsea 
(MV); Port Fairy (AM). TAS: Circular Head (MV); Brickmakers Beach, near 
Rocky Cape (AM); Kelso (MV); Tamar Heads (AM); 15 m off Tinder Box, 
Derwent Estuary (AM); Blackmans Bay (MV); Fisher I. (2 MV). 


Distribution 
New South Wales to Victoria and Tasmania. 


Remarks 

Tryon (1884) considered A. beraudiana to be a form of A. angasi, which he 
regarded as a variable species. Hedley (1922) concluded that this view is incorrect. 
There are consistent differences between the two species. Austrodrillia angasi has a 
higher spire, more ribs/ whorl (10-12 vs 8-9), dark brown colouration between the 
ribs, and a smoother appearance. Judging from the localities of museum specimens 
the two species frequently co-occur. 


Hedley (1922) listed Drillia taeniata as a synonym of A. beraudiana, but with a 
query. The holotype of D. taeniataisa 11.7 mm long specimen with the protoconch 
missing and 7 teleoconch whorls. The outer shell is eroded, but the aperture is 
glossy, indicating the animal was recently dead; a hermit crab is inside the shell. The 
specimen agrees well with all of the characteristics of A. beraudiana. | therefore 
regard it as a synonym. 


Austrodrillia agrestis (Verco, 1909) 
Plate 8, Figs. 1,2. 


Drillia agrestis Verco, 1909: 299, pl. 27, fig. 7. 


Austrodrillia agrestis (Verco). Hedley, 1922: 247. Cotton, 1947: 10, pl. 2, 
unnumbered figure. Cotton, 1959: 393. Powell, 1966: 84. 


Shell 

Shell small, 10 mm, spire high, medium weight. Protoconch, smooth, 2 rounded 
whorls, 0.60 mm high, 0.93 mm wide; up to 6 teleoconch whorls. Suture impressed 
to form slight channel. 11 low, rounded axial ribs on body whorl, faint on last half 
of body whorl. 6 small spiral channels on penultimate whorl, about 15 on body 
whorl. Outer lip thickened, sinus rounded, deep, broad. Columella thin. Anterior 
canal short, broad, aperture broad, almost rectangular. Outer shell creamy white, 
aperture orange. Radula and operculum unknown. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 9.7 3.7 3.5 0.38 0.36 
Paratype SAM D.16032 8.1 3.1 3.4 0.38 0.42 
Paratype AM C.31078 8.0 3.2 3.3 0.40 0.41 


Paratype MV F.30419 8.8 3.3 3.0 0.38 0.34 
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Plate 8. Austrodrillia. Figs. 1,2. Drillia agrestis Verco, 1909. Holotype, SAM D.13544. Figs. 3,4. 
Drillia dimidiata Sowerby, 1896. Syntype, BM(NH) 1870.10.26.55. Figs. 5,6. Drillia . 
achatina Verco, 1909. Holotype, SAM D, 13543. Figs. 7,8. Austrodrillia subplicata Verco, 
1909. Holotype, SAM D.13546. Figs 9,10. Drillia saxea Sowerby, 1896. Syntype, SAM 
D.13547. 
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Location of types 
Holotype. SAM D.13544. Paratypes: 1 specimen, SAM D.16032; 1 specimen, 
AM C.31078; 1 specimen, MV F.30419. 


Type locality 
73 m, off Beachport, SA. 


Material examined 
Types. 


Distribution 
Known only from the type locality and records by Verco (1909) of Gulf St. 
Vincent and Backstairs Passage. 


Remarks 

A. agrestis is similar to A. beraudiana but is smaller (10 mm vs 15 mm), has the 
same number of teleoconch whorls (up to 6), and more axial ribs (11 versus 8-9). In 
addition there are distinct spiral channels on A. agrestis which are absent on A. 
beraudiana. See also comments under A. dimidiata. 


Austrodrillia dimidiata (Sowerby, 1896) 
Plate 8, Figs. 3-6. 


Drillia dimidiata Sowerby, 1896: 24, pl. 13, fig. 2. Verco, 1909. Trans. Roy. Soc. S. 
Aust. 33: 297. 


Drillia achatina (Sowerby). Verco, 1909: 298, 299, pl. 26, fig. 2. 


Austrodrillia dimidiata (Sowerby). Hedley, 1922: 248. Cotton, 1947: 10, pl. 1, f. 2. 
Cotton, 1959: 393. Powell, 1966: 84. 


Austrodrillia achatina (Sowerby). Hedley, 1922: 247. Cotton, 1947: 10, pl. 2, 
unnumbered figure. Powell, 1966: 84. 


Shell 

Shell small, spire high, medium weight. Protoconch smooth, globose, 2 whorls, 
0.60 mm high, 0.93 mm wide; teleoconch of 5 whorls. Suture channeled. 10 broad, 
low ribs form at about midpoint of upper whorls, give whorl an angular 
appearance. Body whorl has flat area at top, swollen below, ribs very faint, faint 
spiral lirae on body whorl. Outer lip thin, stromboid notch small, shallow, but 
distinct. Sinus a deep notch, U shaped, callus strong. Columella smooth, narrow. 
Anterior siphonal canal broad, short, shallow, notched. Aperture broad, 
somewhat rectangular. Shell yellowish-white, aperture similar. Radula and 
operculum unknown. 


Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
dimidiata 
SAM Syntype 10.7 4.3 4.7 0.40 0.44 
BM(NH)Figured syntype 11.0 4.1 4.4 0.37 0.40 


BM(NH) syntype 7.1 2.8 2.6 0.40 0.37 
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Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
achatina 
Holotype 7.9 2.9 2.9 0.37 0.37 
Paratype AM C.31077 8.1 3.1 3.2 0.38 0.40 
Mean (n=6) 4.7 1.9 1.9 0.42 0.33 
SD: 1.7 0.6 0.7 0.04 0.01 
Range 3.3- 1.4- 1.4- 0.36- 0.36- 
8.1 3.1 3.2 0.46 0.44 


Location of types 

(dimidiata) Syntype, 1 specimen each. SAM D.31545. BM(NH) 1896.7.15.1. 
BM(NH) 1896.7.15.5. (achatina) Holotype. SAM D.13543. Paratypes, 3 
specimens. SAM D.15917. 1 specimen. AM C.31077. 


Type localities 
(dimidiata) 29-33 m depth, Backstairs Passage, SA. (achatina): 37 m, off 
Newland Head, SA. 


Material examined 
Types. SA: 73 m, Beachport (AM); 183 m, 64 km S of Cape Wiles (AM). 


Distribution 
Known only from 29-183 m depth off South Australia. 


Remarks 

The type of A. achatina is more colourful than the syntypes of A. dimidiata, but 
this is attributed to the shell being in better condition. Apart from the larger size of 
some of the specimens of A. dimidiata, there is no significant difference in structure 
of the two forms. The specimens all come from the same geographic area and depth 
ranges, and I conclude that a single species is represented. 


Verco (1909: 299) in describing A. achatina compared it with A. agrestis, stating 
that A. agrestis “may possibly be a rude costate variant”. The only feature 
separating A. agrestis is the low, rounded ribs. When additional material becomes 
available it will be possible to show whether the ribs of A. agrestis intergrade into 
the lack of ribs on A. achatina. Until additional material becomes available it still 
seems preferable to be conservative and retain A. agrestis as a separate species. 


Austrodrillia subplicata Verco, 1909 
Plate 8, Figs. 7,8. 


Austrodrillia subplicata Verco, 1909: 300, pl. 27, fig. 6. Cotton, 1947: 10, pl. 2, f. 11. 
Cotton, 1959: 393. Powell, 1966: 84. 


Shell 

Shell small, spire high, 7 mm, light weight. Protoconch smooth, slightly convex, 
2 whorls, rounded, 0.47 mm high, 0.67 mm wide; teleoconch of 4 whorls, rounded, 
convex, with slight constrictions noticeable near middle of upper whorls. Surface 
smooth, except for very low ribs and faint growth lines. Lip thickened. Sinus 
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shallow, slight thickening instead of callus. Columella slightly convex, anterior 
siphonal canal short, broad, shallow. Aperture broad, oval. Shell light brown with 
slightly darker brown line at suture; three lines on body whorl; aperture white. 
Radula and operculum unknown. 








Measurements 

# „йы, a ee س‎ 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 

Holotype 7.1 2.9 3.0 0.41 0.42 








Location of type 
Holotype. SAM D.13546. 


Type locality 
73 m depth, off Beachport, SA. 


Material examined 
Holotype. SA: 274 m off Beachport (AM). 


Distribution 
Known only from 73-274 m depth off South Australia. 


Remarks 

Austrodrillia subplicata is similar in shape and size to the dimidiata-agrestis 
complex, and they occur in the same geographical area and depth range. 
Austrodrillia subplicata can be differentiated by its smaller length, lack of sculpture 
and relatively few whorls. 


Austrodrillia saxea (Sowerby, 1896) 
Plate 8, Figs. 9,10. 


Drillia saxea Sowerby, 1896: 25, pl. 3, fig. 4. Verco, 1909: 304. May, 1910 (1911): 
308. Gatliff and Gabriel, 1913: 74. 


Austrodrillia saxea (Sowerby). Hedley, 1922: 249. Cotton, 1947: 10, pl. 1, fig. 4. 
Cotton, 1959: 393. Macpherson and Gabriel, 1962: 232. Powell, 1966: 84. 


Shell 

Shell small, light, high spire. Protoconch a smooth, rounded dome of 2 whorls, 
0.33 mm high, 0.60 mm wide; 5 additional shell whorls. Suture impressed, wavy. 
Whorls convex with 9 rounded, slightly undulating, axial ribs/ whorl. Faint growth 
lines crossed by numerous spiral striae: about 18 on penultimate whorl and about 
40 on body whorl. Outer lip thickened by final rib. Sinus short broad, points 
upwards, slight callus on left side. Columella thin, slightly convex. Anterior 
siphonal canal very short, broad. Aperture elongate, subrectangular. Body whorl 
decreases sharply in width towards anterior. Colour uniform creamy white. 
Radula and operculum unknown. 


114 Е.Е. Wells 


Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Syntype BMNH 1896.7.15.5 7.1 2.8 2.6 0.39 0.37 
Syntype SAM D.13547 7.0 2.7 2.6 0.38 0.37 
Syntype AM C.25994 6.2 2.6 2.4 0.42 0.39 
Other specimens 
Mean (n=9) 5.9 2.4 2.2 0.40 0.37 
S. D. 0.5 0.4 0.2 0.04 0.02 
Range 5.3- 2.0- 2.0- 0.34- 0.34- 
6.8 3.2 2.4 0.47 0.41 


ee ee eee 
Location of types 


Syntype, 1 specimen. BM(NH) 1986.7.15.5. Syntypes: 1 specimen. SAM 
D.13547. 26 specimens. SAM D.15918. 1 specimen. AM C.25992. 


Type locality 
St. Vincent Gulf, SA. 


Material examined 

NSW: Disaster Bay (MV); VIC: Wilsons Promontory (MV); TAS: Stanley 
(MV); 183 m Cape Piller (2 AM); SA: off Beachport (MV); 201 m off Beachport 
(AM); 73 m off Beachport (AM); 101 m off Cape Borda (AM); 73 m off Cape 
Borda (AM); 183 m, 64 km S of Cape Wiles (AM; WAM). 


Distribution 
73 to 549 m (Уегсо, 1909). New South Wales to South Australia and Tasmania. 


Remarks 7 

Verco (1909) records live collected specimens as having a spiral row of brown 
spots just below the suture, between the ribs, and three faint spiral brown bands 
and very faint curved axial bands on the body whorl. These characteristics, visible 
on dead collected shells, distinguish the species easily from other Austrodrillia. 
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recommended that a floppy disk be returned along with the revised hard copy of 
the manuscript. This greatly expedites the preparation of galley proofs. The floppy 
disk should be preferably on Wordstar or in ASCII format. If these are not 
available please consult the editor; the printer may be able to read other word 
processing packages. 


7. Galley proofs will be sent to authors who should return them with the least 
possible delay. Only the minimum of essential corrections should be made. 


8. Reprints may be ordered at cost price if ordered when galley proofs are returned. 


9. Authors, especially of long papers, are urged to seek subsidies where possible to 
help defray the cost of publishing their papers. 
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Book Review 


Cenozoic Mollusca of New Zealand 
By A. G. Beu and P. A. Maxwell with drawings by R. C. Brazier. 


New Zealand has had a long tradition in the study of fossil molluscs, well known 
active workers including, amongst others, F. W. Hutton, H. Suter, A. W. B. 
Powell, H. J. Finlay, J. Marwick and C. A. Fleming, as well as the authors of this 
volume. 


The labour of many years, this book is the most important work yet published 
on New Zealand Cenozoic (Tertiary + Pleistocene) molluscs. It is a comprehensive 
and scholarly work dealing with what is one of the most important and better 
known fossil faunas of the world. It not only provides an overview of the known 
Cenozoic molluscan fauna but includes a substantial number of previously 
unrecorded taxa. The introductory chapters review the history of the description of 
the fauna, provide an introduction to molluscan palaeoecology and details of the 
time ranges of the most useful taxa for biostratigraphic purposes. There is also a 
comprehensive, illustrated glossary, probably the best published anywhere. The 
book also includes a checklist of the 3200 species of Cenozoic molluscs (up dated to 
mid 1988), excluding terrestrial pulmonates, recorded from New Zealand, an 
extensive bibliography of about 1000 publications and an extensive index. 


The bulk of the book (294 of the 518 pages) is taken up with a detailed 
description of the fauna arranged in 12 chapters — from Early Paleocene to mid to 
late Pleistocene. 550 species are described in detail and illustrated in 720 
magnificent new drawings by Ron Brazier. A map of New Zealand accompanies 
each chapter showing the location of all of the relevant localities which are also 
described in the text. A chapter also introduces the study of fossil micromolluscs 
and examples from 43 genera are illustrated with previously unpublished scanning 
electron microscope photographs. 


Much nomenclatural and other taxonomic revision is also undertaken, some of 
which affect the Recent fauna, although, apart from three renamed because of 
homonymy, no new taxa are described. Quite a number of illustrated taxa are 
simply labelled “n.sp.”. The authors are to be congratulated on avoiding the 
temptation to name these in a work such as this in which they would not have been 
able to do justice to adequate comparative discussion and description. They 
estimate that the fauna is actually between 4000-5000 species. 


This treatise will become a standard reference source and will be of considerable 
value to all malacologists and paleontologists, amateur and professional, interested 
in systematics, biogeography and evolution. It will also have an appealto amateurs 
collecting New Zealand Recent and fossil molluscs, especially because of the 
illustrations, checklist and bibliography. 


The book has some minor shortcomings — namely the lack of running chapter 
titles on the top of each page which make it difficult to skim through, and I would 
have like to have seen more species illustrated (about one-third of the fauna is dealt 
with), which could have been compensated for by briefer descriptions for each of 
the taxa. The user-pays principle adopted by the New Zealand Government is 
reflected in the price — which may be a stumbling block for some. 
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In all the book is a magnificent and important contribution to the molluscan 
literature for which the authors (and illustrator) are to be congratulated. It is ironic, 
however, that within days of the publication of this work, the junior author, Phillip 
Maxwell, was made redundant by the New Zealand Geological Survey. 


W. F. Ponder 


Cenozoic Mollusca of New Zealand. Paleontogical Bulletin 58 (New Zealand 
Geological Survey). 518 pp, 57 pits. Price $(NZ)140.00, $(US) 140.00. Obtainable 
from Publications Officer, New Zealand Geological Survey, P.O.Box 30368, 
Lower Hutt, New Zealand. 
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A revision of the Recent Australian species of the turrid genera 
Clavus, Plagiostropha, and Tylotiella (Mollusca: Gastropoda) 


Fred E. Wells 
Western Australian Museum, Perth 6000 Australia 


ABSTRACT 


Species of the drilliine genera Clavus (16 species), Plagiostropha (2 species), 
and Tylotiella (1 species) from Australian waters are revised. Four new 
species of Clavus are described from off Western Australia. Clavus viduus 
(Reeve, 1845) is regarded as a synonym of C. unizonalis (Lamarck, 1822). 
Clavus lamberti (Montrouzier, 1860), C. laetus (Hinds, 1843) and C. 
obliquatus (Reeve, 1845) and tentatively C. flammulatus Montfort, 1810 are 
recorded from Australia for the first time. Clavus undatus (Hedley, 1907) 
from New South Wales is recorded for the first time from Western Australia. 
The genus Plagiostropha Melvill, 1927 is separated from Clavus. Two species 
are recorded from Australia, one of which is described as new. Tylotiella pica 
(Reeve, 1843) is recorded from the Australian Indian Ocean territory of 
Christmas Island, but not continental Australia. 


INTRODUCTION 


The neogastropod family Turridae is the largest of all the molluscan families 
(Abbott and Dance, 1982), with Kilburn (pers. comm.) estimating that there are 
over 4,000 Recent species. The only complete revision of Australian turrids is that 
of Hedley (1922), in which approximately 370 species were discussed. The primary 
treatments of Australian turrids since Hedley have been those of Laseron (1954), 
who revised the Turridae of New South Wales, and Powell's (1964; 1967; 1969) 
revision of Indo-Pacific Turrinae and Turriculinae. A number of Recent turrids 
were recorded for the first time in Australian waters from the North West Shelf and 
slope off the north coast of Western Australia by Kosuge (1985; 1986; 1988a; 
1988b; 1990). The major works on fossil Australian turrids are those of Powell 
(1944), Cotton (1947) and Long (1981). 

Subfamilial classification in the Turridae has been controversial and there is as 
yet no agreed classification; recent proposals are those of Powell (1966) and 
McLean (1971). Alternatively, Bouchet and Warén (1980) considered existing 
subfamilial classifications to be based on a “more or less random” grouping of 
species by shell characters, and they did not use subfamilies. Kilburn (1983; 1985; 
1986; 1988) contended that any practical subdivision was better than none, and his 
work has used a subfamilial classification modified from that of Powell (1966) and 
McLean (1971). The pragmatic approach of Kilburn is used here. 

The present paper is the second in a series intended to revise the Australian 
Recent Turridae not covered by Powell (1964; 1967; 1969). The first paper ( Wells, 
1990) examined the drilliine (=clavine) genera Splendrillia and Austrodrillia. The 
second paper covers all but one of the remaining drilliine genera known from 
Australia: Clavus, Plagiostropha and Tylotiella. Only the small genus /redalea is 
not included. Horaiclavus has been included in the Drilliinae by various authors, 
but the only evidence for this is the statement of Oyama (1954) that it has a radula 
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comparable with Comitas and Inquisitor, which would place it in the 
Crassispirinae (Kilburn, pers. comm.). 

Generic assignments in the Turridae are as uncertain as classifications at the 
subfamilial levels (Bouchet and Waren, 1980). The present work revises Australian 
taxa at the species level; with few exceptions existing generic assignments are 
retained. Kilburn (1988) pointed out that some genera are known only from shell 
characters, and most of the Australian species are known only from dead collected 
shells. Because of this the assignment of species to genera and the relationships of 
the genera are tentative and may be changed considerably if live collected material 
becomes available for examination. 


METHODS 


Type material has been sought wherever possible from the museum in which it is 
deposited. Most of the material examined is at the Australian Museum, Sydney. A 
secondary source has been the Western Australian Museum, Perth. The collections 
of the Queensland Museum, Museum of Victoria, South Australian Museum and 
Auckland Institute and Museum have also been examined, but the primary interest 
in these museums has been type material. Descriptions are based on shells oriented 
in the traditional way, spire up, with the aperture facing the viewer. Synonymies are 
not complete; emphasis is given to systematic revisions, the historical literature, 
references to the species occurring in Australia, and an indication of the overall 
range of the species in Indo-Pacific localities. 

The following abbreviations are used: AIM, Auckland Institute and Museum; 
AMS, Australian Museum, Sydney; BM(NH), British Museum, Natural History, 
London; MNHN, Muséum National d'Histoire Naturelle, Paris; MHNG, 
Muséum d’Histoire Naturelle, Geneva; MV, Museum of Victoria, Melbourne 
NM, Natal Museum, Pietermaritzburg; NMNZ, National Museum of New 
Zealand, Wellington; QM, Queensland Museum, Brisbane; SAM, South 
Australian Museum, Adelaide; TM, Tasmanian Museum, Hobart; WAM, 
Western Australian Museum, Perth; ZMA, Zoological Museum, Amsterdam; l, 
shell length; w, shell width; a, length of aperture 


TAXONOMY 
Subfamily Drilliinae Morrison, 1966 


Drilliinae: Morrison, 1966: 1-2. Cernohorsky, 1985: 60-62. Kilburn, 1988: 172-227. 
Wells, 1990: 73-117. 


Clavinae: Casey, 1904: 123-170. Powell, 1942: 84-120. Cotton, 1947: 1-12. Laseron, 
1954: 16-20. Cotton, 1959: 392-393. Macpherson and Gabriel, 1962: 232. Iredale 
and McMichael, 1962: 77-78. Powell, 1966: 70-95. McLean, 1971: 116-117. 
Cernohorsky, 1972: 185-190. Cernohorsky, 1978: 152-153. Powell, 1979: 230-235. 
Long, 1981: 37-41. Sysoev and Kantor, 1989: 205-214. 
Diagnosis 

Shells small to medium, 6-30 mm, high spired, medium to solid weight, anterior 
end often truncated. Protoconch paucispiral, smooth, rounded, 2-4 whorls. Up to 8 
teleoconch whorls with variable sculpturing, usually strong axial ribs, and/or 
lighter spiral striae. Sinus on shoulder slope moderate to deep, callused. Outer lip 
thin to thickened, usually lacking varix. Stromboid notch usually present. Anterior 
canal truncated, broad, often slightly notched. Operculum present in species where 
animal is known; oblolanceate, nucleus terminal. Radula prototypic; small central 
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tooth with a single pointed cusp, flanked on each side by a wide pectinate lateral 
tooth, and a blade-like marginal tooth. 


Genus Clavus Montfort, 1810 


Montfort, 1810: 435. Type (o.d.): C. flammulatus Montfort, 1810 = Strombus 
lividus Linnaeus, 1758 = Clavatula echinata Lamarck, 1816. Allan, 1950: 192. 
Cernohorsky, 1972: 185. Cernohorsky, 1978: 152. Hedley, 1922: 254-257. Kilburn, 
1988: 181-183. Kuroda and Habe, 1952: 47. Powell, 1966: 70-91. Short and Potter, 
1987: 108. Springsteen and Leobrera, 1986: 269-283. Wells and Bryce, 1986: 120. 
Wells et. al, 1990: 56. Kay, 1979: 344-347. Wilson and Gillett, 1979: 272. 

Drillia (Clavus) Н. and A. Adams, 1853:91. Bouge and Dautzenberg, 1914: 139. 

Pleurotoma (Clavus) Weinkauff, 1876: 54-56. 7 

Austroclavus Cotton, 1947: 7-12. 


Diagnosis 

Shell small to medium, 6-30 mm, solid, high spired, truncated anterior end, often 
with thick shells. Protoconch paucispiral, 2 whorls, smooth, rounded. Teleoconch 
up to 8 whorls with axial sculpture including ribs or spines, spiral sculpture absent. 
Sinus wide, moderate depth, near suture. Callus strong. Outer lip thin, stromboid 





Plate 1. | Clavus radulae and operculae. 1. Radula of Clavus exasperatus AM C.156701. 2. Radula 
of Clavus unizonalis AM C.153109. 3. Operculum of Clavus exasperatus AM C.156701. 
4. Operculum of Clavus unizonalis AM C.153109. 
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notch distinct. Anterior canal broad, short, weakly notched. Colour white to light 
brown or grey, often with brown bands. Operculum oblolanceate, nucleus 
terminal. Tropical Indo-Pacific and Atlantic Oceans, Intertidal to 150 m. 


Remarks 

Cotton (1947) placed several Recent species of Australian turrids in the genus 
Austroclavus Powell, 1942. Powell (1966) recognized no Recent species in the 
genus, and restricted Austroclavus to the Oligocene and Miocene of New Zealand 
and the Miocene of Victoria. 


Clavus cf. flammulatus (Montfort, 1810) 
Plate 2, Figures 1,2. 
Clavus flammulatus Montfort, 1810: 435. 


Shell 

(based on W. A. specimens). Shell small, up to 14 mm, narrow, high spire, heavy. 
Up to 8 teleoconch whorls but upper shell broken off in all W. A. material. Suture 
distinct, slightly undulating. Upper surface of whorls smooth except for indistinct 
axial ribs. Ribs enlarge rapidly at about 1/3 down whorl, taper off but reach lower 
suture. Lower portion of ribs strong, broad, 15 on penultimate whorl. Ribs extend 
below lower shoulder of body whorl; final rib swollen into varix. Outer lip broken 
on all W. A. material. Sinus on upper shoulder at 30? angle to shell axis, deep, U 
shaped. Strong callus at entrance. Columella broad. Shell truncate, anterior canal 
short. Colour glossy white with occasional yellow blotches on the upper whorls and 
on the varix of the body whorl. 


Type locality 
Not known. 


Location of types 
Not known. 


Material examined 

AUSTRALIA: WA: 219-221 m, NW of Bunbury 3305; 144937’E (WAM); 165 
m, 40 km W of Jurien Вау 30°21’S; 114938'E(WAM); 146 m, Green Head 29°59’S; 
114925'E (2 WAM); 128-1312 m, SW of Dongara (29949'S; 112024'Е (WAM); . 
OTHER AREAS: Makibojoc Bay, Bohol I., Philippines (МАМ); 91 m, Маап 1., 
Sulu Arch., Philippines (МАМ); Tab I., Madang, PNG (WAM); 77-153 m, off Kg 
Talaga, Piru Bay, Ceram, Indonesia (WAM). 


Other records 
Cernohorsky (1978): Indo-Pacific. Springsteen and Leobrera (1986): 
Philippines. 


Range 
Indo-West Pacific; south on the Western Australian coast to Bunbury. 


Remarks 

Four specimens have been collected along the west coast of Western Australia; 
all were dead collected, with the tip of the spire and outer lip broken off. Their poor 
condition makes me reluctant to positively identify the shells as C. flammulatus, 
but the material matches specimens of the species in the WAM from the 
Philippines, Indonesia, and Papua New Guinea. 
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Plate 2. 


Shells of Clavus. 1,2. Clavus cf. flammulatus (Montfort, 1810). 3,4. Pleurotoma bilineata 
Reeve, 1845. Syntype, BM(NH) 1963475. 5,6. Pleurotoma pulchella Reeve, 1845. 
Syntype, BM(NH) 1984156. 7,8. Clavus canalicularis (Röding, 1798). AMS C. 156592. 9. 
Syntype of Pleurotoma auriculifera Lamarck, 1816. MHNG 1097/48/1. 10, 11. Clavus 
costatus Hedley, 1922. Holotype, AMS C.8053. 
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Clavus bilineatus (Reeve, 1845) 
Plate 2, Figures 3,4. 
Pleurotoma bilineata Reeve, 1845: pl. 25, sp. 225. 


Shell 

Shell of medium size, 17 mm, medium weight, high spire. Protoconch low but 
worn and indistinct, followed by up to 7 teleoconch whorls. Suture slightly 
undulating, indistinct. Upper surface of whorl flat, centre has 9-12 nodulose ribs 
which do not reach next suture. Ribs on adjacent whorls not aligned. Ribs on body 
whorl small, indistinct except for final one which is enlarged to form varix. Fine 
spiral growth lines present, but surface is smooth enough to appear glossy. 
Anterior end of shell with 6 spiral striae. Columella smooth, broad, glossy. 
Aperture elongated, sinus deep, constricted at entrance by pronounced callus. 
Outer lip thickened. Anterior canal of moderate width and depth, and slightly 
notched. Base colour light brown with pair of fine spiral orangeish lines. The lines 
are interrupted at the tops of the ribs. Area between lines white. Surface of ribs 
white. Body whorl with slightly darker brown band across middle. 


Measurements 








Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Syntypes 17.3 6.7 6.2 0.39 0.36 
16.2 5.8 6.4 0.36 0.40 
13.3 5.4 4.9 0.41 0.37 





Location of types 
Syntypes, 3 specimens. BM(NH) 1963475. 


Type locality 
Capul and Mindoro Is., Philippines. 


Material examined 
Types. QLD: Second small reef area (12934'S; 143°47’E) (AMS); 15-16 m depth, 
Jewell Reef (AMS); 6 m depth, No. 5 Ribbon Reef (AMS); 5 m, Hastings Reef, N 
of Cairns (AMS); Broadhurst Reef, E of Townsville (AMS); Lady Elliot I. (AIM). 
OTHER AREAS: Madangarea, PNG (4 WAM); 10 m, lagoonside, Enewetak 
Atoll, Marshall Is. (AIM); Philippines (AI M); Mauritius (2 AI M); Faaone, Tahiti 
(AIM); Tulagi I., Florida Group, Solomon Is. (AIM). 


Range 
6-16 m depth. Western Pacific; eastern Queensland as far south as Townsville. 


Remarks 

Tryon (1884) considered C. bilineatus to be a synonym of C. pulchellus (Reeve, 
1845), an opinion with which Bouge and Dautzenberg (1914) concurred. However 
I have examined the types of both C. bilineatus and C. pulchellus (3 syntypes, 
BM(NH) 1984156) (Plate 2, Figures 5,6) and conclude that they are separate 
species. C. pulchellus, which has not yet been found in Australia, is larger than C. 
bilineatus but has 6 teleoconch whorls compared to 7 for C. bilineatus. The ribs of 
C. pulchellus are much stronger, giving the shell a much more angular appearance. 
The varix of C. pulchellus is formed by the penultimate rib on the body whorl 
instead ofthe ultimate rib as on C. bilineatus. The sinus of at least one syntype of C. 
bilineatus is strongly constricted at its entrance; this was not observed in the type 
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material of C. pulchellus. Colour patterns are very different: C. pulchellus has an 
off white background colour while C. bilineatus is light grey. C. pulchellus has a 
broad orange band on the lower part of the upper whorls and through the centre of 
the body whorl. C. bilineatus has a much thinner white band. 


Clavus canalicularis (Roding, 1798) 
Plate 2, Figs. 7-9. 
Strombus canalicularis Róding, 1798: sp. 1291. 
Drillia auriculifera Lamarck, 1816: 91. 


Pleurotoma auriculifera (Lamarck). Kiener, 1840: 51, pl. 11, fig. 2. Reeve, 1843: pl. 
8, fig. 69. 


Clavatula auriculifera Lamarck, 1816: 439, fig. 10. Blainville, 1827: t. 5, fig. 4. 


Clavus canicularis (Róding). Powell, 1966: 77. Cernohorsky, 1972: 185, pl. 53, fig. 
13. 


Shell 

Shell thick, of medium length, up to 30 mm long. Whorls 6-7, protoconch 
eroded on all specimens examined. Spire narrow, with a row of nodules on the 
upper whorls. Body whorl moderately larger. Nodules on last two whorls 
elongated into long, low axial ribs with pronounced spines which do not extend to 
margin of outer lip. 5to 7 spines on each whorl, broad at base, tapering, up to 9mm 
long, but some specimens have very short spines. In some specimens edge of the 
spine is recurved almost to form a tube. Suture adpressed, with deep, U shaped 
sinus on shoulder of body whorl. Spiral striae below spines may be nodulose. 
Columella smooth, slightly convex. Aperture moderately wide, outer lip squarish, 
may have fine serrations. Anterior siphonal canal broad, shallow, stromboid notch 
narrower, distinct, posterior canal small, narrow. Colour off-white, broad brown 
band across middle of body whorl may be present. Band does not extend to outer 
lip. Band darker on upper part of whorl. Aperture white or tinged with yellow, 
which may also occur on outer shell. Brown band extends onto upper whorls as a 
line above suture. 


Measurements 

EEE‏ ت 
Length Width Aperture W/L A/L‏ 
(mm) (mm) (mm)‏ 


ee 


Low Isles, near Port Douglas, Qld. (AMS C.76027). 
31.0 16.9 


13.7 0.55 0.44 
31.6 18.2 13.6 0.58 0.43 
24.9 14.4 11.2 0.58 0.45 
26.0 16.1 11.5 0.62 0.44 





Location of types 

canalicularis: Unknown. auriculifera: Syntypes, 2 specimens. MHNG 
1097/48/1 and 1097/48/2. 
Type locality 

canalicularis: Unknown. auriculifera: Philippines. 
Material examined 

AUSTRALIA: N.T.: Darwin (AMS); QLD: Lizard I., (AMS); 2-9m Lizard I. 
(AMS); Low Isles, NE of Port Douglas (AMS; WAM); Batt Reef, NE of Port 
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Douglas (AMS); Green L, N of Cairns; Langford Reef, Bowen (WAM); 
Broadhurst Reef, E of Townsville (3 AMS). OTHER AREAS: Japan (AMS); 
Gima, Ryukyu Is. (AIM); Enawetok Atoll, Marshall Is. (AMS); Philippines 
(AMS; 4 WAM; AIM); Samal I., Davoa Bay, Mindinao (AIM); New Caledonia 
(AMS; WAM; AIM); Solomon Is. (AMS; AIM); 3 km N of Ataa Cove, N. 
Malaita, Solomon Is. (AMS). PNG: 1-12 m, Schouten Is. (AIM); Papaido Is. 
(AIM); New Britain (AMS); Nordup, east New Britain (AIM); 9-15 m Rabaul 
(AMS); Madang (WAM; AIM); Port Moresby (AMS); Hisiu, 70 km NW of Port 
Moresby (AM). Indonesia: 1 km № of Brak dock, Irian Jaya; 8 km NW of Rani, 
Schouten I., Irian Jaya; Ile. St. Marie, Noumea, New Caledonia (AMS); Mios 
Woendi Atoll (AIM). 


Other records 
Cernohorsky (1972): Indo-West Pacific (including Fiji), Hinton (1972): Papua 
New Guinea. Springsteen and Leobrera (1986): Philippines. 


Distribution 
0-24 m, in subtidal sand patches in reef. Western Pacific; Darwin, Northern 
Territory to Townsville, Queensland. 


Remarks 

Australian specimens examined all had a moderate body whorl and a 
width/length ratio of about 0.44 to 0.53. Some Western Pacific specimens are 
narrower, with shorter spines, making them similar to C. exasperatus. These 
specimens may still be distinguished as C. canalicularis by the spines on the last two 
whorls; while C. exasperatus has axial ribs, spines are never formed. In addition, C. 
exasperatus has a series of low, secondary ribs on the body whorl below the 
primary ribs. The syntypes of Pleurotoma auriculifera (Plate 2, Figure 9) also show 
the characteristic spines of C. canalicularis. 

Several authors have spelled the species name as canicularis, but the spelling of 
Róding (1798) is canalicularis. 

Abrard (1946-47) reported C. cf. auricularia from the Quaternary of the New 
Hebrides. 


Clavus costatus Hedley, 1922 
Plate 2, Figs. 10,11. 


Clavus costatus Hedley, 1922: 256, pl. 45, figs. 48,49. (Not Pleurotoma costatus 
Reeve, 1845. 


Austroclavus costatus (Hedley). Cotton, 1947: 12. 


Shell 

Shell small, 9 mm, solid, high spire. Protoconch of 2 smooth, rounded whorls, 
0.31 mm high, 0.53 mm wide. 5 teleoconch whorls. Whorls convex with 8 rounded 
ribs/ whorl which are continuous on succeeding whorls, those on body whorl have 
distinct nodules at their base followed by spiral striae. Suture fine, sinuous. Fine 
axial growth lines and spiral striae on outer shell surface. Columella smooth, 
callosity on upper margin. Aperture cylindrical, anterior siphonal canal broad, 
shallow, stromboid notch present but indistinct. Outer lip extends beyond last rib, 
fragile but slightly thickened. Colour off-white with pale brown band on lower half 
of body whorl and above sutures. 
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Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 6.1 2.8 2.3 0.46 0.38 
Paratypes 
Mean (n=6) 7.3 3.1 2.8 0.43 0.39 
S.D. 1.3 0.3 0.2 0.04 0.04 
Range 6.1- 2.8- 2.5- 0.39- 0.31- 
9.4 3.7 3.0 0.48 0.44 





Location of types 
Holotype, AMS C.8053 (part). 5 paratypes, AMS C.8053 (part). 


Type locality 
40 m depth, off Darnley I., Torres Strait, Qld. 


Material examined 
Types. 


Distribution 
Known only from the type locality. 


Remarks 

Splendrillia candidulus (Hedley, 1922), discussed by Wells (1990), is similar in 
size to C. costatus and C. undatus (Hedley, 1907) (discussed below), but is readily 
separated by its higher spire, more numerous whorls, smaller body whorl, and less 
inflated aperture. 


Clavus aeneus Hedley, 1922 
Plate 3, Figs. 1,2. 
Clavus aeneus Hedley, 1922. Rec. Aust. Mus. 13: 255, pl. 45, fig. 46. 
Austroclavus aeneus (Hedley). Cotton, 1947: 12. 


Shell 

Shell small, up to 14 mm long, heavy with a high spire. Protoconch smooth, 
lacks ribs, with 2 1/2 whorls, 0.27 mm high, 0.49 mm wide. 6 convex teleoconch 
whorls. Sutures slightly impressed. Eight strong low, axial ribs on each whorl join 
except on body whorl of adults. There is a series of 5 small spiral ribs near the base 
of the shell. Columella smooth, thickened with distinct callosity of upper end. 
Anterior siphonal canal of moderate length, posterior short. Outer lip heavily 
thickened with rib on margin. Color uniform off-white, glossy. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 10.9 3.9 3.7 0.36 0.34 
Paratype 9.7 4.0 4.0 0.41 0.41 


14928'S; 145900'E, north Queensland (AMS C.156699) 
12.5 4.4 4.6 0.35 0.37 
12.0 4.6 4.8 0.38 0.40 
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Plate 3. Shells of Clavus. 1,2. Clavus aeneus Hedley, 1922. Holotype, AMS C.103567. 3,4. 


Pleurotoma exasperata Reeve, 1843. Possible syntype, BM(NH) 1966462. 5,6. Clavus 


hewittae n. sp. Holotype, WAM 861-89. 7,8. Inquisitor lacertosus Hedley, 1922. 
Holotype, AMS C.37698. 
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Location of types 
Holotype, AMS C.103567 and 1 paratype, AMS C.103568. 


Type locality 
9-15 m depth, Murray I., Torres Strait, Qld. 


Material examined 

Types. QLD: 55 m, Darnley I., Torres Strait (2 AMS); 27 m, 15943.8'S; 
145029.2'Е (AMS); 9-18 m, Hope I., SE of Cooktown (AMS); 20 m, Michaelmas 
Cay, off Cairns (AMS); 37 m, 15945'S, 145933’E N. Qld (AMS); 26 m, 14°28’S; 
14590'E (AMS); Horseshoe Bay, Magnetic I. (AMS); 27-43 m off Bowen (AMS). 
OTHER AREAS: PNG: 18-22 m, Manubada (Local) I., off Port Moresby (2 
AMS). 


Distribution А 
9-55 m depth in sandy mud from off Port Moresby, Papua New Guinea south 
on the eastern side of north Queensland as far as Townsville. 


Remarks 
C. aeneus is closest to C. candidulus (Hedley, 1922), discussed above, but is 
readily separated by its larger size, straighter axial ribs, and more rounded whorls. 


Clavus exasperatus (Reeve, 1843) 
Plate 1, Figures 1,3. Plate 3, Figures 3,4. 
Pleurotoma exasperata Reeve, 1843: pl. 2, fig. 8. Reeve, 1843: 32. 


Pleurotoma (Clavus) exasperatus (Reeve). Weinkauff, 1876: 54, pl. 12, figs. 1,3. 
von Martens, 1880: 226. | s 


Drillia (Clavus) exasperata (Reeve). H. and A. Adams, 1858: 91. 
Drillia exasperata (Reeve). Tryon, 1884: 185, pl. 8, fig. 26. Smith, 1903: 603. 
Drillia exigua var. exasperata (Reeve). Bouge and Dautzenberg, 1914: 136. 


Pleurotoma exigua (Reeve). Hombron and Jacquinot, 1853: 111, pl. 25, figs. 21,22. 
(not Pleurotoma exigua C. B. Adams, 1852). 


Drillia livida (Gmelin, 1791, non Strombus lividus Linnaeus, 1764); Hedley, 1909: 
453, 454. 


Clavus exasperatus (Reeve). Hedley, 1922: 257, pl. 45, fig. 50. Powell, 1966: 71. 
Austroclavus exasperatus (Reeve). Cotton, 1947: 12. 


Shell 

Shell large for genus, 26 mm, heavy, high spired with spire reaching a sharp 
point. Protoconch of 2 small, rounded, smooth whorls. Teleoconch up to 10 
whorls. Suture impressed. Upper whorls have row of 8-9 pointed nodules just 
below midpoint of whorl which give shell a turreted appearance; in some areas 
these may form short spines. Last nodule on body whorl extends down whorl as a 
varix, behind outer lip. Below nodules on body whorl is a row of low secondary 
ribs. Outer lip thin, serrated, stromboid notch prominent. Sinus deep, channeled 
with prominent callus. Columella straight, thin, slightly callused. Anterior siphonal 
canal short, broad. Aperture deep, subrectangular. Colour off-white, aperture 
glossy white. Queensland specimens may be completely off white or have a broad, 
light brown band across top of body whorl. In shells from New Caledonia the 
general colour is light brown, while those from Mauritius have a broader band 
interrupted by about 16 low, white ribs. 
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Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
exasperatus possible syntype 
23.7 L1 9.3 0.47 0.39 
Off Townsville, Qld. (AMS C.156997, C.156998 and unnumbered) 
26.3 11.2 9.7 0.43 0.37 
28.5 12.4 10.6 0.44 0.37 
25.7 12.3 9.3 0.48 0.36 





Radula 

Typically drilliine, with one central tooth on each side flanked by one marginal. 
Central tooth small, flat, leaf shaped, base 45 um wide, broadening to 67 um, 
before tapering to centre. Narrow ridge down entire surface of tooth extends into a 
point beyond flat part of tooth. Marginal teeth crescent shaped, 365 um wide, 
tooth itself reaches maximum height of 55 ит. Series of up to 16 sharp spines on 
front of each tooth, increase in size until near centre of radula, maximum height 65 
ит, final two or three spines smaller. Marginal teeth long, flat slightly curved 
blades, up to 630 um long, 70 um wide, with strong ridge along middle of outer part 
of tooth. 


Operculum 
(Plate 1, Figure 3). Brown, horny, flattened on columellar side, rounded on outer 


side, with fine growth lines over surface, nucleus nearly terminal. 6.3.mm long in a 
28.6 mm shell. 


Location of types 

(exasperata): possible syntype, 1 specimen. BM(NH) 1966462. The types of 
Pleurotoma exigua should be in the MNHN, but are not and are apparently lost 
(Bouchet, pers. comm.). 


Type locality 
(exasperata) unknown. (exigua): Torres Strait, Qld. 


Material examined 

AUSTRALIA: WA: Ashmore Reef (WAM); QLD: 9-15 m Hope 1., SE of 
Cooktown (AMS); Kelso Reef, NE of Townsville (AMS); Broadhurst Reef, E of 
Townsville (2 AMS); OTHER AREAS: Guam I., Marianas Is. (2 AIM); PNG: 
Inlet at N end Kranket I., Madang (AMS); off Tab I., Madang (WAM); Rabaul 
(AMS); New Caledonia (AMS); Lifu (AMS); Kira Kira, San Cristobal, Solomon 
Is. (2 WAM); 13 km SW Tg Ratoe, Maikoor, Aru, Indonesia (WAM); 5 m 
Enawetok Atoll, Marshall Is. (AMS); Japan (AMS); Port Blair, Andaman Is. 
(AIM); Mauritius (6 AMS; 3 AIM); Moroni, Grande Comore, Comores Arch., 
East Africa (AIM). 


Other records 

Springsteen and Leobrera (1986): Philippines (as C. vidua). 
Distribution 

Indo-West Pacific; south in eastern Queensland to Townsville. 
Remarks 


C. exasperatus is similar to C. canalicularis but is thinner, with a higher spire, 
and much shorter spines. The secondary ribs which are present on the body whorl 
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of C. exasperatus but not C. canalicularis are a key feature in separating the two 
species. 


Clavus hewittae n. sp. 
Plate 3, Figures 5,6. 


Shell 

Shell very small, 4 mm, light weight, high spire. Protoconch smooth, globose, 2 
whorls, 0.36 mm high, 0.58 wide. 4 teleoconch whorls. Suture impressed, nearly 
straight. Whorls turreted at an angle declining to the left. About 12 strong, thin 
axial ribs per whorl. Start just below suture but are initially faint; subsutural area 
may appear to be a spiral cord. Ribs peak just above centre of whorl, tend to match 
on adjacent whorls. Final rib of body whorl swollen into a varix. Outer lip 
thickened. Sinus deep, U shaped. Callus absent. Columella thin, slightly callused. 
Shell truncate, anterior canal short, broad, shallow. Aperture rectangular. Colour 
glossy white in dead collected specimens. 











Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 3.8 1.7 1.5 0.44 0.39 
Paratypes (n=6) : 
Mean 4.1 1.9 1.8 0.46 0.44 ` 
S.D. 0.3 0.2 0.1 0.01 0.02 
Range 3.5- 1.7- 1.6- 0.45- 0.42- 
4.4 2.0 1.9 0.48 0.48 
Holotype 


139 m depth, Direction Bank, off Rottnest I. (31944.4'S; 115012.2'Е) (WAM 
861-89). 


Paratypes 

WA: 176-182 m depth, W of Garden I. (32915.7’S; 115006.7'Е) (AMS C.161086; 
MV); 210-212 m depth, W of Garden I. (32°15’S; 115°07’E) (WAM 866-89); 
146-160 m depth, west of Rottnest I. (32000'S; 115015'Е) (AMS C.161117); 201-214 
m depth, W of Rottnest I. (31959.5’S; 115913'E) (AMS C.161119); 182 m depth, W 
of Rottnest I. (31959’S; 115914'E) (AMS C.161118; QM; ZMA; NMNZ); 265-276 
m depth, NW of Rottnest I. (31945’S; 115°02’E) (AMS C.161087); 105 m depth, 
Direction Bank, off Rottnest I. (31944.8’S; 115915'E) (AMS C.161122); 139 m 
depth, Direction Bank, off Rottnest I. (31944.4'S; 115°12.2’E) (WAM 864-89); 150 
m depth, Direction Bank, off Rottnest I. (31044.1'S; 1 15910.6E) (AMS C.161123); 
183-192 m depth, NW of Rottnest 1. (31044/S; 115°03’E) (WAM 863-89); 150 m 
depth, off Rottnest I. 148 m depth, off Rottnest I. (31941.3'S; 115908.6'E) (AMS 
C.161120); (31939.8/S; 115907. l'E) (AMS С.161121); 146 m depth, W of Rottnest I. 
(31900'S; 114951'E) (AMS C.161111); 256 m depth, W of Rottnest I. (31900'S; 
114°51’E) (AMS С.161089). 


Other material examined 

WA: 81 m depth, Recherche Archipelago (34909'S; 121°27’E) (WAM 865-89); 
176-183 m depth, SW of Cape Naturaliste (33935. 1’S; 114901.4'E) (WAM 867-89); 
183-238 m depth, SW of Cape Naturaliste (33°44.5’S; 114026.1'Е) (AMS 
C.161084); 146-150 m depth, SE of Mandurah (32°41’S; 114°51’E) (AMS 
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C.161085); 154 m depth, WNW of Lancelin (30°58’S; 114953'E) (AMS C.161088); 
192-196 m depth, W of Cervantes (30°33.5’S; 114940.5'E) (AMS С.161110); 154 т 
depth, W of Cervantes (30933'S; 114932'/E) (WAM 868-89); 238-247 m depth, off 
Cervantes (30932'S5; 11494]'/E) (AMS C.161112); 192-256 m depth, NW of 
Cervantes (30930'S; 114938’E) (AMS C.161115; SAM; MNHN); 128-140 m depth, 
NW of Green Head (30937'S; 114938'E) (AMS C.161116); 223-245 m depth, off 
Jurien Bay (30°08’S; 114930'E) (WAM 862-89); 183 m depth, NW of Beagle I. 
(29943.5'S; 114920'E) (AMS C.161113); 274-283 m depth, NW of Beagle I. (29943'S; 
114917'E) (AMS C.161114). All material was collected during cruises by HM AS 
‘Diamantina’ and HMAS ‘Moresby’. 


Distribution 

81-276 m depth, Recherche Archipelago to northwest of Beagle I., Western 
Australia. 
Etymology 

I am pleased to name this species after Mrs. Joy Hewitt in recognition of the 
many years of assistance she has generously given me and the mollusc department 
of the Western Australian Museum. 
Remarks 

At first inspection Clavus hewittae appears to be closest to Guraleus flavescens 
Angas, 1877 from off New South Wales. However C. hewittae has a lower spire, 
more prominent and more numerous ribs and a more flared outer lip. 


Clavus lacertosus (Hedley, 1922) 
Plate 3, Figures 7,8. 

Inquisitor lacertosus Hedley, 1922: 242, pl. 44, fig. 32. Cotton, 1947: 7. 
Micantapex lacertosus (Hedley). Laseron, 1954: pl. 1, fig. 14. 
Shell 

Shell large, 29 mm, high spire, light weight. Protoconch globose, smooth, 2.5 
whorls, 0.75 mm high, 1.38 mm wide. Up to 6 teleoconch whorls. Suture impressed, 
nearly straight. Heavy axial ribs begin just below suture, enlarge rapidly to peak at 
centre of whorl, extend to lower suture, give whorl triangular appearance. Ribs do 
not match on adjacent whorls, 10 on penultimate whorl, 8 on body whorl, extend 
well past shoulder. Axial growth lines pronounced. Numerous fine spiral striae on 
all teleoconch whorls. Outer lip thickened, lacks stromboid notch. Sinus broad, 
shallow, callus absent. Columella broad, straight, indistinct. Aperture long, 
subrectangular. Shell truncate, anterior canal short, very broad, shallow, not 
notched. Colour yellowish orange with broad darker orange band between ribs, 
numerous incomplete short spiral lines on shell, aperture orange. 


Measurements 








Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype 13.6 6.8 6.7 0.50 0.49 
Other specimens (117-137 m off Cape Моге Qld. [AMD 
Mean (n=18) 20.4 0.46 0.46 
S.D. 2.0 D 1 o 0.03 0.03 
Range 16.5- 8.3- 8.3- 0.50- 0.51- 


25.6 11.0 10.7 0.50 0.51 
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. Location of type 
Holotype, AM C.37698. 


Type locality 
91 m, off Point Plomer, near Port Macquarie, New South Wales. 


Material examined 

QLD: 115-125 m depth, NNE Cape Moreton (2 AMS); 117-137 m depth, off 
Cape Moreton (AIM); 183-220 m depth, E of Cape Moreton (AIM); 73 m depth, 
off S end Fraser I. (AMS); 201 m depth, off S end Fraser I. (AMS); 210-219 m 
depth, off S end Fraser I. (AMS); 75-80 m depth, off Moreton Bay (AM); 115-176 
m depth, E of Moreton Bay (2 AMS). NSW: 128-137 m depth, off Tweed Heads 
(AMS); 146 m depth, E of Tweed Heads (AMS); 152-155 m depth, E of Tweed 
Heads (AMS); 145 m depth, off Broken Bay (AMS). 


Distribution 
73-220 m depth, from Fraser I., Queensland to off Broken Bay, New South 
Wales. 


Remarks 

The proper generic placement of /acertosus has been uncertain. In his 
description of the species, Hedley (1922) originally placed it in the genus Inquisitor, 
a designation retained by Cotton (1947). Laseron (1954) provisionally transferred 
lacertosus to Micantapex but compared it with Pleurotoma bulbacea Watson 
(1886) which Powell (1942) placed in Aoteadrillia. Laseron suggested that 
lacertosus might be properly placed in Aoteadrillia. 


Clavus laetus (Hinds, 1843) 
Plate 4, Figs. 1,2. 
Clavatula laeta Hinds, 1843: 40. Hinds, 1845: 20, pl. 6, figs. 15, 16. 
Drillia (Clavus) laeta (Hinds). H. and A. Adams, 1858: 91. 
Pleurotoma (Clavus) laeta (Hinds) Weinkauff, 1876: 55-56, pl. 12, fig. 4,6. 
Drillia laeta (Hinds). Tryon, 1884: 186, pl. 9, fig. 32, pl. 11, fig. 87. 


Shell 

Shell small, heavy, up to 15 mm long with high spire. Protoconch high, globose, 
two whorls, 0.44 mm high, 0.62 mm wide. Teleoconch of 7 whorls, each with up to 
11 strong, low axial ribs which tend to line up from one whorl to the next. Suture 
distinct, slightly undulating. Area below suture flat, ribs begin above midpoint of 
whorl. Form sharp cusps pointing upwards, extend to lower suture. Penultimate 
rib of body whorl expanded into a varix, final rib low, outer lip extends beyond rib. 
Outer lip thickened. Shell surface smooth, glossy with faint axial lirae on surface. 
Ribs do not extend to tip of body whorl. Instead there are three strong spiral 
grooves. Aperture elongate, deep, subrectangular. Columella broad, slightly 
convex. Sinus deep, curved, deeply constricted at opening by callus. Anterior canal 
short, broad, deep, not notched. Stromboid notch shallow, but distinct. Colour 
glossy brown tinged with orange in some places; tips of ribs and rostrum white. 


Material examined 

Syntypes. AUSTRALIA: WA: Ashmore Reef (WAM); QLD: Osprey Reef, 
Coral Sea, 13953'S; 146931’E (AMS); Broadhurst Reef, E of Townsville (AM). 
OTHER AREAS: Hawaii (5 AIM); Tahiti (AIM); Christmas I. (Indian Ocean) 
(AMS; 3 WAM); Cocos (Keeling) Is., Indian Ocean (WAM). 
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Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Syntypes 12.8 4.8 4.4 0.38 0.34 
10.1 3.3 3.8 0.33 0.38 


Location of type 
Syntypes, 2 specimens. BM(NH) 1879.2.26.67. 


Type locality 
13-18 m depth, Straits of Macassar, New Guinea. 


Other records K 

Maes (1967): Cocos (Keeling); Cernohorsky (1978): Indo-West Pacific. Kay 
(1979): Hawaii. Springsteen and Leobrera (1986): Philippines. Wells et al. (1990): 
Christmas I. (Indian Ocean). 
Distribution 


Indo-West Pacific; Ashmore Reef, Western Australia to Broadhurst Reef, east 
of Townsville, Queensland. 


Remarks 
C. laetus has not previously been recorded from Australia. It is common under 
dead coral slabs in shallow water. The high spire, brown colour with white tips to 


the ribs, and white rostrum easily separate C. laetus from other Australian 
drilliines. 


Clavus lamberti (Montrouzier, 1860) 
Plate 4, Figs. 3,4. 


Pleurotoma lamberti Montrouzier, 1860: 117, pl. 2, fig. 10. Tryon, 1884: 198, pl. 13, 
fig. 76. 


Pleurotoma (Drillia) lamberti (Montrouzier). Kobelt, 1887: 222-223, pl. 41, fig. 10. 


Drillia (Clavus) lamberti (Montrouzier). Bouge and Dautzenberg, 1914: 139. 
Shell 

Shell small, 9 mm, high spired, light weight. Protoconch high, smooth, globose, 
2 whorls. Up to 7 teleoconch whorls. Suture a thin but distinct, undulating line. 
Upper surface of each whorl smooth, followed by strong broad axial ribs which 
extend to lower suture; 9 on penultimate whorl, 8 on body whorl. Final rib on body 
whorl enlarged into a varix; last third of whorl smooth. Ribs on body whorl do not 
reach end of shell, replaced by four spiral striae. Outer lip thickened, curved 
inwards, with distinct stromboid notch. Sinus deep, strongly constricted at 
entrance by heavy callus. Columella broad, callused, convex. Anterior canal 
truncate, broad. Shells colourful: light brown on upper part of each whorl followed 
Бу thin bright brown axial line. Ribs a white band on upper whorls with a second 
brown line just above suture; lower whorls have a third line. Body whorl has six 
thin, brown lines across it. Areas between lines are various shades of white and light 
brown. There is a patch of darker brown on the varix. Lower part of body whorl 
white with brown splotches. Aperture white. 
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Plate 4. Shells of Clavus. 1,2. Clavatula laeta Hinds, 1843. Syntype, BM(NH) 1879.2.26.67. 3,4. 
Clavus lamberti(Montrouzier, 1860). Holotype, MNHN. 5,6. Clavus obliquatus (Reeve, 
1845). AMS C.34388. 7,8. Clavus occiduus n. sp. Holotype, MV F4593. 
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Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Possible holotype 9.7 4.6 3.5 0.47 0.36 
Mean (n=6) 8.5 3.2 3.5 0.38 0.38 
S. D. 0.6 0.2 0.1 0.03 0.03 
Range 7.8- 3.0- 3.3- 0.34- 0.38- 
9.4 3.4 3.6 0.43 0.45 





Location of type 
MNHN, possible holotype. 


Type locality 
Isle Art, New Caledonia. 


Material examined 

Possible holotype. AUSTRALIA: WA: Ashmore Reef (WAM); QLD: W end 
Raine I. (1103675; 144%01'Е) (AMS); Great Detached Reef 11944’S; 144903'E 
(AMS); 4.5-14.5 m, First Three Mile Opening 13028'5; 144°02.5’E. (AMS); 
Saumerez reef, 21052'S; 153027'Е (AMS): OTHER AREAS: Cocos (Keeling) Is. 
(Indian Ocean) (WAM). Lifu, New Caledonia (AIM); Upolu, W. Samoa (AIM); 
Ryukyu Is. (4 AIM); Mauritius (4 AIM). 
Other records 

Habe (1964): Indo- West Pacific; Maes (1967): Cocos-Keeling; Cernohorsky 
(1978): Indo- West Pacific. Springsteen and Leobrera (1986): Philippines. 
Distribution 

Indo-West Pacific; Ashmore Reef, Western Australia to northern Queensland. 
Remarks 

C. lamberti is here recorded for the first time from Australia. The specimens 


from Queensland are all juveniles but have the distinctive colour pattern of C. 
lamberti. 


Clavus obliquatus (Reeve, 1845) 
Plate 4, Figures 5,6. 


Pleurotoma obliquata Reeve, 1845: pl. 29, sp. 262. Reeve, 1845: 115. Smith, 1879: 
191. 


Pleurotoma (Drillia) obliquata (Reeve). Kobelt, 1887: 202, pl. 39, fig. 4. 


Drillia obliquata (Reeve). Smith, 1879: 191. Tryon, 1884: 203, pl. 11, fig. 1. Melvill, 
1917: 155. 


Clavus obliquatus (Reeve). Kuroda and Habe, 1952: 47. 
Shell 


Shell small, 21 mm, heavy, with high spire. Six whorls, protoconch broken off. 
10-13 wavy ribs/ whorl, slightly offset on succeeding whorls. Last rib of body whorl 
greatly expanded into a varix. Lip extends beyond varix, but broken in specimens 
examined. Sutures wavy. Callus present, columella smooth, straight, thickened. 
Anterior siphonal canal of moderate length. Aperture cylindrical. Shell brown with 
three spiral white lines on body whorl, one on upper whorls, aperture white. 
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Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Andamans (AMS C.34338) 
21. 9.0 7.2 0.42 0.34 
Low Isles, Qld. near Port Douglas (AMS unnumbered) У 
16.8 7.5 6.6 0.45 0.39 
Noumea, New Caledonia (AMS С.30504) 
17.9 7.5 6.8 0.42 0.38 








Material examined 
AUSTRALIA: QLD: Low Isles, near Port Douglas (AMS). OTHER AREAS: 
New Caledonia (AMS); Andaman Is. 


Location of type 
Most of Reeve's types are in the BM(NH) but the type material of C. obliquatus 
is not. 


Type locality 
None listed by Reeve (1845). 


Distribution 
16-22 m depth. Western Pacific. Known in Australia only from Low Isles, near 
Port Douglas, Queensland. 


Remarks 
Compared to C. laetus and C. lamberti, C. obliquatus has a much heavier but 
drab shell, a lower spire, and more solid ribs. 


Clavus occiduus n. sp. 
Plate 4, Figures 7,8. 


Shell 

Shell heavy, medium length, 19 mm, high spire. Protoconch broken off. 9 
teleoconch whorls. Suture distinct, slightly irregular. Whorls convex with strong, 
broad axial ribs which tend to join on adjacent whorls, extend suture to suture and 
well down body whorl, 10 on body whorl, 9 on penultimate whorl. Ribs low just 
below upper suture, decrease, then become largest at middle of whorl. Crossed by 
numerous fine spiral lirae which become thickest across middle of whorl and form 
spiral cords. About 20 cords on body whorl extend to anterior tip of shell. Outer lip 
thickened into varix, incurved. Sinus on shoulder, deep U shaped, slightly 
constricted at entrance by strong callus. Columella of moderate width, margin 
pronounced. Aperture deep, glossy white. Anterior canal short, broad, deep, 
anterior of shell truncate. Shell a uniform chalky white with small light brownish 
patches on the upper parts of the first six axial ribs on the body whorl. 


Measurements 








Length Width Aperture W/L A/L 
(mm) (mm) (mm) 





Holotype 19.1 7.8 5.2 0.41 0.27 
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Location of type 
Holotype, MV F4593. 


Type locality 
Central bank, Roebuck Bay, Broome, Western Australia. 


Distribution 

Known only from the type locality. 
Remarks 

This species was recognized as new by Dr. A. W. B. Powell and a draft 
description was written his manuscript “Turridae, Subfamily Clavinae of the 
Indo-Pacific” which he intended for publication as part of his series in Indo-Pacific 
Mollusca. Unfortunately the paper was never published. According to Powell’s 
manuscript, Clavus occiduus resembles the Indian Pleurotoma aglaia Dall, 1918 
and P. crassa Smith, 1888 which Powell considered to be synonymous. He 
considered C. occiduus to be smaller, with a shorter spire, distinct subsutural 
marginal cord, narrower and deeper shoulder sulcus, and crisper sculpture. 


Etymology 


I have followed Powell's intentions in naming the species. His unpublished 
manuscript did not state a reason for his choice of the specific name. 


Clavus aenigmaticus n. sp. 
Plate 5, Figures 1,2. 
Shell 


Shell small, narrow, high spire, biconic. Protoconch of three whorls, smooth, 
conical, surface eroded, 0.82 mm wide, 0.75 mm high. 8 teleoconch whorls. Suture 
thin, distinct. Whorls convex with thin but distinct axial ribs which extend from 
suture to suture and well down body whorl, 17 on body whorl, 14 on penultimate 
whorl. Ribs largest at middle of whorl. 8 fine spiral ribs at anterior of shell the only 
spiral sculpture. Very faint axial growth lines. Shell juvenile, outer lip thin, broken, 
structure of sinus and presence or absence of callus cannot be determined. 
Columella narrow, slightly convex, with one of the axial ribs crossing surface. 
Aperture deep, elongate oval. Anterior canal short, broad, shallow, margin 
chipped. Colour glossy off-white with several strong, irregular,light brown 
blotches. Lower half of body whorl very faint light brown, narrow white band 
across centre of shell, light brown on upper body whorl; pattern repeated on upper 
whorls but fades out on upper part of spire. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 

Holotype 18.6 7.4 7.1 0.40 0.38 





Location of type 

Holotype, MV 58423. 
Type locality 

Central bank, Roebuck Bay, Broome, Western Australia. 
Distribution 

Known only from the type locality. 
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Plate 5. 
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Shells of Clavus. 1,2. Clavus aenigmaticus n. sp. Holotype, MV F58423. 3,4. Clavus 
pulicarius n. sp. Holotype, WAM 480-91. 5,6. Aspella undatus Hedley, 1907. AM 
C.25774. 7. Clavus undatus. Off Cervantes, W. A. WAM. 553-91. 8,9. Clavus unizonalis 
(Lamarck, 1822). 10. Pleurotoma unizonalis Lamarck, 1822. Holotype MHNG 1097/55. 
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Remarks 

Powell (unpublished) originally included the holotype of Clavus aenigmaticus as 
a paratype of of C. occiduus. While the two specimens were in the same lot, they are 
clearly separate species. Powell himself would probably have realized this had he 
been able to complete the manuscript on the Clavinae. C. aenigmaticus can be 
readily separated from C. occiduus by having a narrower shell, the absence of spiral 
sculpture, narrower, more numerous axial ribs, and the colour pattern. The outer 
lip of C. aenigmaticus is thinner and does not form a varix, but this may possibly be 
due to the shell being juvenile. 


Etymology 
The specific name refers to the enigma the species originally presented to me in 
that it was included with the holotype of C. occiduus in Powell's draft manuscript. 


Clavus pulicarius n. sp. 
Plate 5, Figures 3,4. 


Shell 

Shell of medium size, 14 mm, claviform, turreted, solid, very high spire. 
Protoconch low, rounded, 2 whorls, smooth, 0.46 mm high, 0.54 mm wide. 8 
teleoconch whorls. Suture distinct, slightly undulating. Sculpture complex, 
dominant feature is up to 8 strong, broad axial ribs per whorl, begin just below 
upper suture, extend to lower suture, greatest at midwhorl. Ribs extend most of the 
distance down the body whorl, do not form varix. Distinct marginal spiral cord just 
below suture on each whorl; 4 spiral cords cross ribs on upper whorls. About 16 
spiral cords on body whorl, sometimes with a single low ridge between cords. Outer 
lip slightly thickened but broken in holotype. Subsutural sinus present but depth 
cannot be determined due to chipping on lip. Slight callus. Columella smooth, 
narrow. Aperture elongate, narrow. Shell truncate, anterior canal short, moderate 
width, shallow. General shell colour uniform glossy off-white, protoconch and 
aperture similar, with numerous yellowish flecks over shell surface, primarily on 
spiral cords. 


Measurements 

Length Width Aperture W/L A/L 

(mm) (mm) (mm) 
Holotype 14.0 5.3 4.7 0.38 0.34 
Paratypes WAM 481-91 15.7 5.4 5.3 0.34 0.34 
WAM 482-91 17.3 5.9 6.1 0.34 0.35 
14.8 5.4 5.3 0.36 0.36 
15.0 6.0 5.7 0.40 0.38 





Location of types 

Holotype, WAM 480-91. Paratypes, WAM 481-91 (2specimens), WAM 482-91 
(3 specimens). 
Type locality 

40 m depth, 5 km NNE of Anchor I. off Onslow, Western Australia. 
Paratypes 


WA: 40 m, 5km NNE of Anchor 1., off Onslow (МАМ 481-91). 51 m, 11 km N 
of Long I., off Onslow (WAM 482-91); 
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Distribution 
Known only from off Onslow, Western Australia. 


Remarks 

The late Dr. A. W. B. Powell determined that this species was new and wrote a 
description of it in “Turridae, Subfamily Clavinae of the Indo-Pacific” which he 
intended for publication in Indo-Pacific Mollusca. Unfortunately the paper was 
never published and the species never described. | 

Clavus pulicarius is closest to С. occiduus described above, but тау be 
distinguished by having а taller spire, more (16 vs. 10) and stronger axial ribs, more 
distinct spiral cords, and an overall pattern of yellowish flecks. 


Etymology 

Powell's draft manuscript used the name Clavus pulicarius for the species, 
without indicating the reason for the choice of name. In accordance with Powell’s 
intentions I have retained the name C. pulicarius. 


Clavus undatus (Hedley, 1907) 
Plate 5, Figures 5-7. 

Aspella undata Hedley, 1907: 294, pl. 55, fig. 15. Hedley, 1922: 257. 
Austroclavus undatus (Hedley). Cotton, 1947: 12. 
Shell 

Shell small, thin, high spired. Protoconch of 2 whorls, smooth, glossy, 0.62 mm 
high, 0.80 mm wide. Remainder of shell 5 whorls, each with 8-9 low, gently curving 
varix-like ribs which line up on adjacent whorls. Distinct growth lines present. 
Aperture ovate, lip thickened by varix. Anterior canal short, broad. Sutures 
moderately indented. Colour off-white with faint brown band across whorl which 
can be seen through aperture. 








Measurements 

aA cC د ا‎ 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 

Holotype 6.5 3.0 2.2 0.46 0.34 

183 m off Woolongong, NSW (AMS C.18157) 

6.5 2. 2.5 0.45 0.38 
Off Cervantes, W. A. 6.4 3.0 3.0 0.47 0.47 





Location of types 
Holotype, AMS C.25774 and 4 paratypes, AMS C.25774. 


Type locality 
146 m depth, 35 km east of Narrabeen, Sydney, NSW. 


Material examined 

Types. NSW: 183 m off Wollongong (AMS). WA: 192-256 m NW of Cervantes 
(30930'S; 114938’E)(WAM). 
Distribution 

Previously known only from 146-183 m off New South Wales, but now also 
known from Western Australia. 
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Remarks 

A handwritten remark in a proof sheet of Hedley (1922), apparently written by 
Hedley, states * Clavus undatus is probably not a turrid. 10/1/23”. Because of this 
Laseron (1954) rejected C. undatus from the New South Wales list, but it is in fact a 
turrid. 

C. costatus is of about the same size and close in shell characters to C. undatus, 
but although he described both, Hedley (1922) did not compare the two. The two 
species come from very different localities, with C. costatus described from the 
tropical waters off Darnley I. and C. undatus from temperate waters off Sydney. In 
addition to being geographically separated, close examination shows several 
characters by which the two species can be separated. C. undatus has a much larger, 
domed protoconch and thinner, wavy axial ribs which do not match on adjacent 
whorls. C. costatus has very fine spiral striae which are absent on C. undatus. 

The W. A. specimen (Plate 5, Fig. 7) is identical to the type material, but comes 
from a very different geographical area. 


Clavus unizonalis (Lamarck, 1822) 


Plate 1, Figures 2,4; Plate 5, Figures 8-10; Plate 6, Figures 1, 2: 


Pleurotoma unizonalis Lamarck, 1822: 92. Kiener, 1839: pl. 22, fig. 2. Reeve, 1843: 
pl. 13, sp. 113. Weinkauff, 1876: 62, pl. 13, figs. 5,6. 


Pleurotoma vidua Reeve, 1845: pl. 22, sp. 192. Weinkauff, 1876: 60, pl. 13, figs. 1,3. 
Drillia (Clavus) unizonalis (Lamarck). H. and A. Adams, 1858: 91. 


Drillia unizonalis (Lamarck). Tryon, 1884: 185-186, pl. 9, figs. 30, 33, 34, 38; pl. 32, 
fig. 48. 


Clavus unizonalis (Lamarck). Powell, 1966: 71. Short and Potter, 1987: 108, pl. 53, 
fig. 13. 


Clavus vidua (Reeve). Wilson and Gillett, 1979: 272, pl. 66, fig. 10. Wells and Bryce, 
1986: 120, pl. 40, fig. 466. 


Tylotia unizonalis (Lamarck). Habe and Kosuge, 1970: 95, pl. 38, fig. 3. 


Shell 

Shell medium length, 26 mm, heavy, high spire. Protoconch smooth, rounded, 2 
whorls, 0.58 mm high, 0.89 mm wide. Up to 9 teleoconch whorls. Spire moderately 
high, narrow, body whorl not inflated. Suture adpressed, sinuous. Each whorl has 
about 8 to 10 strong, broad, low axial ribs which make the outer whorl triangular 
or convex in shape. The ribs begin about 1/3 downthe whorl, reach a maximum by 
mid whorl, then decrease but reach the lower suture, not continuous on adjacent 
whorls. Ribs extend well down body whorl to just above the anterior tip of shell. 
There is a series of about 8 spiral cords on the anterior tip. Outer lip thickened. 
Sinus on shoulder, deep, U shaped, entrance might be slightly constricted by very 
strong callus. Columella smooth, slightly convex, narrow, margin distinct. 
Aperture subrectangular. Shell truncate, anterior canal short, broad, shallow, tip 
slightly notched. Colour variable, usually light gray with a broad dark brown band 
of varying width below ribs on body whorl. In some specimens the band continues 


as a thin brown line above the suture. Brown exterior band shows through inner 
aperture. 
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Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
unizonalis 
Holotype 21.9 10.5 9.2 0.47 . 0.42 
vidua 
Syntypes 22.1 10.1 9.6 0.46 0.43 
20.9 9.7 8.5 0.46 0.41 
19.7 7.5 8.5 0.38 0.43 
Low Isles, off Port Douglas, Qld. (AMS C.89643) 
Mean (n=12) 20.1 8.2 7.8 0.41 0.39 
S. D. 2.4 0.9 0.7 0.03 0.02 
Range 17.3- 7.2- 7.4- 0.37- 0.36- 
25.9 9.8 9.2 0.45 0.44 
Radula 


Plate 1, Figure 2. Radula typically drilliine with one central tooth flanked on 
each side by a single lateral and single marginal. Central tooth a flat plate, 23 um 
wide across base, 26 um high. Sides taper inwards slightly for first 22 um, then 
move sharply to centre. Strong ridge down centre of tooth extends into a sharp 
point beyond end of flat portion. Lateral teeth curved, up to 200 um broad on 
photograph, but outer portions concealed by marginal teeth, 50 um broad. Up to 
10 sharp spines on front of tooth, but additional spines covered by marginal teeth. 
Spines increase towards centre of radula, reaching maximum of 50 um, last three 
reduced. Marginal teeth long, slightly curved, up to 460 um long, 50 um wide, with 
strong ridge down centre of outer part of tooth. Base of tooth club shaped. 


Operculum 

Plate I, Figure 4. Horny, thin, light brown, nearly straight on columellar side, 
rounded on outer margin, numerous growth striae, nucleus terminal. 5.4 mm long 
in a 25.6 mm shell. 


Location of types 
unizonalis: Holotype, MHNG 1097/55. vidua: Syntypes, 3 specimens. BM(NH) 
1966435. 


Type locality 
unizonalis: Unknown. vidua: Masbate I., Philippines. 


Material examined 

Types. AUSTRALIA: QLD: Torres Strait (A MS): Thursday I.,(2 AMS); Yam 
1. (AMS); 9-15 m Murray I. (AMS); Raine I. (AMS); Somerset, Cape York 
Peninsula (2 AMS); Lizard I. (10 AMS; 2 WAM); Two Isles, Cape Flattery 
(AMS); Three Isles, Cape Flattery (AMS); Low Isles, NE Port Douglas (8 AMS; 
AIM); Green I., N of Cairns (AMS); Hope L, S of Cooktown (3 AMS); 
Michaelmas Cay, NE of Cairns (AMS); Little Upolu Cay (Middle Cay), NE of 
Cairns (2 AMS); Cairns (AIM); Green I., off Cairns (AIM); Mission Beach, 
between Tully and Innisfail (AIM). OTHER AREAS: PNG: Port Moresby 
(AMS); Gaire Beach, 48 km E Port Moresby (AMS); E side Belair I., Madang 
(AMS); Mongop, via Kaveng, New Ireland (2 AMS); Milne Bay (AMS); Kuia L., 
Luscony Is, Trobriand Group (2 AMS); Siassi I., W of New Britain(2 AMS); New 
Britain (2 AMS); Tavui, Rabaul, New Britain (2 AMS; MV); Rabaul Harbour, 
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New Britain (AMS); Ceram, Indonesia (3 WAM); Bali, Indonesia (AIM); New 
Caledonia (AMS): Lifu (8 AMS; 2 MV; 4 AIM); Poindimere (AMS; 2 AIM); 
Solomon Is: Makeira Harbour, Cristoval (2 AMS); Laulasi 1., S of Aoki, Malaita 
I. (AMS); Ata'a I. (AMS); reef, entrance to Aoki Harbour, W coast Malaita I. 
(AMS); Kumbaro (A MS). Fiji (A MS; 4 AIM): Nadi Bay (2 AMS); Komave, coral 
coast, Viti Levu (AMS); Komave, S coast Viti Levu (AMS); Souvi Bay (AMS): 
Lakeba I., Lau Is. (AIM); Nananu-I-Ra I., N of Viti Levu (2 AIM); Port Vila, 
Efate, New Hebrides (AMS); Panape 1., E Caroline Is. (AMS). Philippines: (2 
WAM); Matabungkan, Luzon Province (AMS); S. Cebu (A MS); Oshima, Japan 
(AMS); Ryukyu Is. (AIM); Guam I., Marianas Is. (2 AIM); W. Samoa (4 AIM); 
NW Corner, Mbudga I., 16 km N of Dar es Salaam, Tanzania (AMS). 


Other records 
Cernohorsky (1972): Indo-West Pacific. Kilburn (1988): southern Africa. 


Distribution 
Intertidal to 15 m, and in sand under dead coral in shallow water. Indo-West 
Pacific, Dampier Archipelago, Western Australia to Lizard I., Queensland. 


Remarks 

As the list of synonymies above indicates, the description of the two species, 
Pleurotoma unizonalis Lamarck, 1822 and P. vidua Reeve, 1845 has caused 
considerable confusion. Reeve (1843; 1845) figured both P. unizonalis and P. 
vidua, listing the habitat of both as Masbate I., Philippines but showing two clearly 
different forms with C. unizonalis being stouter with a lower spire. However, as 
long ago as 1898, Melvill and Sykes remarked that the two species appear to be 
very closely related, if not identical. An examination of the type material shows that 
the only difference between the two forms is in colouration, but among non-type 
material there is a full range from specimens with the solid dark brown on the lower 
half of the body whorl represented by C. viduus to the clearly restricted brown line 
across the body whorl of C. unizonalis. This variation can be seen even within a 
single population. Also, some specimens within a population can have a higher 
spire and a lower width/ length ratio than other individuals. The conclusion then is 
that there is a single variable species, and the name Pleurotoma unizonalis 
Lamarck, 1822 has priority. 

Kilburn (1988) described the radula and provided notes on the anterior body of 
C. unizonalis. Abrard (1946-47) recorded C. unizonalis from the Pliocene of the 
New Hebrides. 


Genus Plagiostropha Melvill, 1927 
Plagiostropha Melvill, 1927: 151. Type: by monotypy, 
Plagiostropha quintuplex Melvill, 1927. 


Clavus (Plagiostropha) Melvill. Powell, 1966: 71. Shuto, 1983: 293-295. 
Shell 

Shell small, heavy, high spire, biconic. Protoconch small, 2 whorls, smooth, 
globose. Up to 9 teleoconch whorls. Strong pentagonal ribbing on most species. 
Shell truncated, sinus very deep, margins elevated, on upper shoulder at 30? degree 


angle to shell axis. Outer lip strongly incurved, aperture narrow. Body whorl with 
pronounced low varix. 


Australian Turrids 27 


Remarks 

Melvill (1927) proposed Plagiostropha as a separate genus, but Powell (1966) 
and Shuto (1983) regarded it as a subgenus of Clavus. Springsteen and Leobrera 
(1986) included one of the species of Plagiostropha, P. opalus in Clavus (Clavus). 
There are now five species in the genus, and all are clearly separable at the generic 
level from Clavus flammulatus Montfort, 1810, the type species of Clavus. The 
distinctive features of Plagiostropha are the’biconic shape, strong varix on the left 
side of the body whorl, lack of strong axial ribbing on the body whorl, very deep 
sinus, reflected lip, narrow aperture and truncated body whorl. Four of the five 
species have characteristic pentagonal ribbing. 


Plagiostropha flexus (Shuto, 1983) 
Plate 6, Figures 3,4. 
Clavus (Plagiostropha) flexus Shuto, 1983: 293-296, figs. 1,2. 


Shell 

Shell small, 9 mm, heavy, medium spire with axis of coiling slightly offset. 
Protoconch globose, large, 2 whorls, 0.53 mm high, 0.53 mm wide. Teloconch 7 
whorls, pentagonal with 5 flattened ribs/ whorl, continuous on succeeding whorls. 
Ribs highest just below midpoint of whorl, become shallower then have secondary 
peaks. Sutures wavy, highest on ribs. Numerous fine growth lines. Body whorl 
slightly flattened, last half lacks ribs. Columella straight, sinus deep with callus, 
broadens at end. Aperture thin, cylindrical. Anterior siphonal canal broad but 
deep, outer lip thickened. Shell glossy off-white colour, aperture white. 











Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 

Holotype 9.0 4.1 3.5 0.46 0.39 


С‏ ا SSS УОТ ОО‏ لے 


Location of type 
Holotype, AMS C.134665. 


Type locality 
124 m depth, 160 km north of Croker I., Northern Territory (9030'S; 132° 34'E). 


Material examined 
Holotype. 


Distribution 
Known only from the type locality. 


Remarks 

Three syntypes of Plagiostropha opalus (Reeve, 1845) were examined in the 
BM(NH), registration number 19631069. The two species are very close, but differ 
in that Р. opalus is slimmer, the body whorl is not as angular, and Р. opalus has up 
to 35 fine spiral striae on the whorls which are absent on P. flexus. These do not 
reach the anterior end of the body whorl of P. opalus. The two are treated here as 
separate species. 
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Shells of Clavus, Plagiostropha and Tylotiella. 1,2. Pleurotoma vidua Reeve, 1845. 
Syntype, BM(NH) 1966435. 3,4. Clavus flexus Shuto, 1983. Holotype, AMS C.134665. 


5,6. Plagiostropha sinecosta n. sp. Holotype, WAM 211-90. 7,8. Pleurotoma pica Reeve, 
1843. Syntype, BM(NH) 1963875. 


Plate 6. 
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Plagiostropha sinecosta n. sp. 


Plate 6, Figures 5,6. 

Shell 

Shell small, 17 mm, high spired, biconic. Protoconch of two smooth whorls, 0.73 
mm wide, 0.51 mm high. 8 teleoconch whorls. Suture distinct, slightly impressed. 
Upper third of whorls smooth, then strong axial ribs develop and continue to lower 
suture. Ribs narrow, reach maximum extent at midwhorl, then taper to lower 
suture. Ribs absent on body whorl. Numerous very fine spiral striae and axial 
growth lines on entire shell surface. Strong varix on left side of body whorl. Outer 
lip slightly thickened, strongly incurved, stromboid notch small but distinct. Sinus 
very deep, U shaped, on upper shoulder, at 30° angle to shell, margins elevated. 
Callus low, indistinct. Aperture narrow, deep, elongate. Columella broad, margin 
elevated. Anterior truncate, canal broad, medium depth, anterior notched. Shell 
colour uniform chalky white. 











Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 

Holotype 17.3 7.2 7.0 0.42 0.40 





Location of type 
Holotype, WAM 211-90. 


Type locality 
201 m depth, 210 km N of Port Hedland, Western Australia. 18025'5; 118922'E. 


Material examined 
Holotype. 


Distribution 
Known only from the type locality. 


Remarks 

Plagiostropha sinecosta is the fifth species of the genus, the other four being P. 
opalus (Reeve, 1843), P. ebur (Reeve, 1843), P. quintupex Melvill, 1927, and P. 
flexus (Shuto, 1983). Plagiostropha sinecosta is clearly congeneric with the other 
four species on the basis of its biconic shape, strong varix on the left side of the body 
whorl, lack of strong ribbing on the body whorl, very deep sinus, reflected lip, 
narrow aperture and truncated body whorl. It differs from all other Plagiostropha 
in having small axial ribs but lacking the strong pentagonal axial ribbing. 


Etymology 
A combination of sine, meaning without, and costa, meaning ribs, referring to 
the lack of the five pronounced axial ribs found on other members of the genus. 


Genus Tylotiella Habe, 1958 


Habe, 1958: 52. Type: OD Drillia subobliquata E. A. Smith, 1879. Powell, 1966: 
72. Shuto, 1975: 165. Kilburn, 1988: 187-201. 


Shell 
Shell small, 24 mm or less, claviform, narrow, high spire. Up to 8 teleoconch 
whorls. Strong sculpturing of up to 18 axial ribs which extend suture to suture, lack 
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spines. Sculpturing of fine axial and spiral lirae. Varix near outer lip. Sinus deep, 
callus heavy. Aperture rectangular. Anterior canal short, broad, slightly notched. 
Radula drilliine. Indo-West Pacific. Recent. 


Remarks 

Shuto (1975) provided information on the type species of Tylotiella, Drillia 
subobliquata Smith, 1879. Powell (1966) and Kilburn (1988) considered Ту/огіе/а 
to beseparable from Clavus on the basis of having a narrower shell with a tall spire 
and axial ribs that do not develop spines but which reach the suture, but Kay (1979) 
regarded Tylotiella as a subgenus of Clavus. 


Tylotiella pica (Reeve, 1843) 
Plate 6, Figures 7,8. 

Pleurotoma pica Reeve, 1843: pl. 8, fig. 61. Reeve, 1843: 181. 
Pleurotoma (Crassispira) pica (Reeve). Weinkauff, 1876: 93, pl. 20, fig. 2. 
Drillia (Crassispira) pica (Reeve). H. and A. Adams, 1858: 91. 
Drillia pica (Reeve). Tryon, 1884: 190, pl. 13, fig. 50. 
Drillia (Clavus) pica (Reeve). Bouge and Dautzenberg, 1914: 141. 
Tylotiella pica (Reeve). Powell, 1966: 72. 
Shell 

Shell of medium length, 24 mm, heavy, high spire. Protoconch broken off in all 
three syntypes; 7-8 teleoconch whorls. Suture nearly straight, may be indistinct on 
upper whorls. 18 low, thin axial ribs/ whorl, sinuous, extend from suture to suture 
with an upper and slightly larger lower peaks. Upper part of lower whorls tends to 
be flat or have indistinct ribs, usually matching on adjacent whorls. Ribs extend 
well down body whorl but are replaced by 7 distinct spiral striae at base of whorl. 
Penultimate rib strong, forms varix; final rib smaller, outer lip thickened and 
extends beyond rib. Numerous fine axial and spiral lirae present. Columella very 
broad, callused. Sinus deep, cut off from upper side by heavy callus. Aperture 
rectangular. Anterior canal short, broad, slightly indented. Colour off-white with 
broad light brown band across centre of body whorl. Band incomplete on upper 


whorls, forms blotches. Up to 5 thin, spiral brown lines on body whorl, indistinct 
on upper whorls. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Syntypes 23.7 9.4 8.7 0.40 0.37 
21.8 8.5 7.9 0.39 0.36 
21.2 8.4 8.3 0.40 0.39 





Location of types 
Syntypes, 3 specimens. BM(NH) 1963875. 


Type locality 
Capul I., Philippines. 


Australian Turrids 31 


Material examined 

Syntypes. Christmas I. (Indian Ocean) (WAM); Mururoa Atoll, Tuamotu 
Arch. (AIM); New Caledonia: Lifu(AIM); Noumea (AIM); Japan (2 AIM); PNG: 
24 m, Raluana Village, E New Britain I. (AIM). 


Other records 
Cernohorsky (1978): Indo-West Pacific. Wells er a/. (1990): Christmas I. 
Springsteen and Leobrera (1986): Philippines. 


Distribution 
Indo-West Pacific; Christmas Island, Indian Ocean. 


Remarks 

This species has not yet been recorded from the coastline of the Australian 
mainland, but has been found at the Australian territory of Christmas Island in the 
Indian Ocean. 
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ABSTRACT 


The present paper reports on new species and new geographical range 
extensions, resulting from recent expeditions conducted by ORSTOM, 
Noumea, the Muséum National d'Histoire Naturelle, Paris, the Australian 
Museum, Sydney, the Western Australian Museum, Perth, and the Natal 
Museum, Pietermaritzburg. The following new taxa are described: 
Pterynotus stenostoma (New Caledonia), Pterynotus crauroptera (New 
Caledonia), Pazinotus spectabilis (Loyalty Ridge), Muricopsis charcoti (New 
Caledonia), Muricopsis bargibanti (Chesterfield Reefs), Muricopsis 
diamantina (Western Australia), Typhis westaustralis (Western Australia), 
Typhis trispinosus (Queensland, Australia), Typhis insolitus (New 
Caledonia), Siphonochelus lozoueti (New Caledonia), Trophon lacrima 
(New Caledonia), Trophon tirardi (New Caledonia), and ?Trophon aberrans 
(Queensland, Australia). Three species, Prerynotus fulgens Houart, 1988, 
Muricopsis auratus (Kuroda & Habe, 1971), and Siphonochelus tillierae 
Houart, 1986, are new records for southern Africa. 


INTRODUCTION 


New collecting techniques as well as intensive and systematic searches in several 
parts of the world have permitted the discovery of many new taxa or new 
geographical ranges in the Muricidae since the nineteen-seventies. Material 
collected in the New Caledonian region by French expeditions have been reported 
by the present author in several papers (Houart, 1983, 1986, 1987a, 1987b, 1988, 
1990a, 1990b, 1991) and have already revealed 31 new species of Muricidae and 
many new range extensions. The nine new taxa here described from the New 
Caledonian region were collected during the following cruises: R. V. Vauban 
(1978-79); BIOCAL, R.V. Jean Charcot (1985); MUSORSTOM 5, R.V. Coriolis 
(1986); BIOGEOCAL, R.V. Coriolis (1987); MUSORSTOM 6, К.У. Alis (1989) 
and SMIB 5, R.V. Alis (1989). For more complete information about the French 
exploratory cruises in the New Caledonian region see Richer de Forges (1990). 

Four other taxa are described from Australian material collected by HMAS 
Diamantina (1972), HMAS Kimbla (1977 and 1984), HM AS Moresby (1981), and 
FRV Soela (1983). 

Two species previously only known from off New Caledonia are newly recorded 
from South Africa, based on material collected during the Natal Museum dredging 
programme (NMDP), using R.V. Meiring Naudé (1982-1988). One species 
known from Japan is newly recorded in South Africa, based on specimens inthe V. 
van der Walt collection. 
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Abbreviations and text conventions: 


AMS: Australian Museum, Sydney, Australia. 
IRSNB: Institut Royal des Sciences Naturelles de Belgique, 
Brussels, Belgium. 
MNHN: Muséum National d’Histoire Naturelle, Paris, France. 
NM: Natal Museum, Pietermaritzburg, South Africa. 
NMNZ: National Museum of New Zealand, Wellington, New Zealand. 
NSMT: National Science Museum, Tokyo, Japan. 


QM: Queensland Museum, Brisbane, Australia. 
USNM: National Museum of Natural History, Washington D.C., USA. 
WAM: Western Australian Museum, Perth, Australia. 
lv.: live taken specimen(s). 
dd: dead taken specimen(s). 
SYSTEMATICS 


Family Muricidae Rafinesque, 1815 
Subfamily Muricinae Rafinesque, 1815 
Genus Pterynotus Swainson, 1833 


Type species: Murex pinnatus Swainson, 1822, by subsequent designation 
(Swainson, 1833). 


Pterynotus fulgens Houart, 1988 
Figs. 1-2 


Pterynotus fulgens Houart, 1988: 190, figs 4-6, 17. 


Type locality 
New Caledonia, 22952'S, 167912'E, 390-420 m. 


Material examined 

South Africa: Zululand, NMDP stn ZP5, 28944.4'S, 32032.2'E, 320-340 m, 12 
June 1988, NM E3988 (1 dd); Transkei, NMDP stn E13, 31930.6'S, 29956. l'E, 
400-550 m, 04 July 1986, NM C9797 (1 dd); Transkei, NMDP stn K13, 31°56.1’S, 
29926.5'E, 410-430 m, 20 July 1982, NM C2012 (1 lv., 1 dd); North Zululand, 
NMDP stn ZAIA, 26°55.5’S, 32902.8'Е, 500 m, 07 June 1987, NM 08740 (1 lv.), all 
dredged R.V. Meiring Naudé. 

New Caledonia: Type material, comprising the holotype and 12 paratypes, all 
off southern New Caledonia, in 315-610 m (Houart, 1988), and 6 additional 
specimens off southern New Caledonia, in 448-680 m (MNHN). 

Remarks 

I have been unable to detect any constant differences in shell structure between 
the 5 South African specimens and the New Caledonian material. Most ofthe New 
Caledonian specimens have more or less prominent denticles within the aperture, 
but their strength is not constant and they are sometimes very low or obsolete 


(BIOCAL, stn DW 33). The discovery of this species in South Africa is a significant 
range extension. 
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Pterynotus stenostoma n.sp. 
Figs. 3-5 
Type material 
Southern New Caledonia, SMIB 5, stn DW 105, 23°14’S, 168905'E, 310 m, B. 
Richer de Forges-ORSTOM coll., 14 September 1989 (dd) (holotype MNHN). 


Description 

Shell lightly built, small for the genus, holotype 13.9 mm in length. Spire high 
with 5 teleoconch whorls, protoconch broken. Teleoconch whorls narrowly 
fusiform. Suture impressed. Three narrow varices on each teleoconch whorl. 
Varices of last whorl expanded and flat, adapertural side of varicial wings with 
numerous, fine growth striae. Former whorls with broken varicial wings. Spiral 
sculpture on last whorl consisting of 4 or 5 low, narrow, very faint cords, absent on 
former whorls. No axial sculpture except fine growth striae. Aperture small, ovate, 
smooth within. Columellar lip smooth, rim adherent. No anal notch. Siphonal 
canal long, weakly abaxially bent, open, with 2 small, broadly open spines. Brown, 
darker in the vicinity of suture and on abapical part of last teleoconch whorl. 


Remarks 

From Prerynotus fulgens Houart, 1988, P. stenostoma differs in its smaller size 
compared with a specimen with same number of teleoconch whorls, its aperture 
being comparatively two or three times smaller in a specimen of approximately the 
same size, its siphonal canal abaxially bent and longer, with 2 small open spines, 
whereas that of P. fulgens is smooth and abaperturally bent. The varicial wings of 
P. stenostoma are flatter. From Prerynotus levii Houart, 1988 it differs in its 
smaller size, two times smaller and more rounded aperture, longer siphonal canal 
with two small spines, while the varicial wings are flatter and the spiral cords are 
fewer in number (13-16 in P. /evii). Another recently named species, Ponderia 
magna Houart, 1988 is similar in shell contour but is readily distinguishable by the 
hollow, sealed shoulder spines and siphonal canal, which are characteristic of 
species of Ponderia. 


Ety mology 
Greek, stenos (narrow) * stoma (mouth), alluding to the narrow and small 
aperture. 


Pterynotus crauroptera n.sp. 
Figs 6-7, 43-44 

Type material 

New Caledonia: BIOCAL, stn DW 64, 24°48’S, 168909'E, 250 m, Bouchet, 
Métivier & Richer coll., 03 September 1985 (2 dd) (holotype and paratype 
MNHN). 

Coral Sea: MUSORSTOM 5, Capel Bank, stn DW 270, 24949'S, 159934'E, 223 
m, Bouchet, Métivier & Richer coll., 09 October 1986 (1 dd) (paratype MNHN). 


Description 

Shell small and delicate, 11.4-15 mm in length at maturity. Spire high with 1.5 
protoconch whorls and 5 or 6 narrow teleoconch whorls. Protoconch whorls 
rounded, smooth and glossy with thin, weakly erect terminal varix (Figs. 43 & 44). 
Suture weakly impressed. Three wing-like varices on each teleoconch whorl. Wings 
curved upward, spine-like at shoulder, adapertural side grooved with narrow 
channel. Intervaricial axial sculpture consisting of a single, prominent node 
situated mid way between each pair of varicial wings, crossed by 2-4 spiral cords on 


38 R. Houart 





Figs. 1-9 Figs. 1-2. Prerynotus fulgens Houart, 1988, Transkei, South Africa, NM C2012, 24 тт, 
3-5. Pterynotus stenostoma n.sp., holotype MNHN, 13.9! mm. 6-7 Prerynotus 
crauroptera n.sp., holotype MNHN, 11.4 mm. 8-9. Pazinotus spectabilis n.sp., holotype 


MNHN, 15.2 mm. 
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Figs. 10-18 Figs. 10-11. Muricopsis charcoti n.sp. 10. Holotype MNHN, 7.2 mm. 11. Paratype 
MNHN, 4 mm (SEM). 12. Muricopsis auratus (Kuroda & Habe, 1971), Aliwal Shoal, 
Natal, South Africa, V. van der Walt coll, 7.2 mm. 13. Muricopsis bargibanti n.sp., 
holotype MNHN, 11.9 mm. 14-15. Muricopsis diamantina n.sp., holotype WAM 
284-91, 10.3 mm. 16-18. Typhis westaustralis n.sp., holotype WAM 286-91, 10.5 mm. 
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last teleoconch whorl. Spiral sculpture of 5 or 6, more or less prominent, smooth 
cords; former whorls with 2-4 spiral cords. Aperture small, ovate. Columellar lip 
smooth, rim erect abapically, a small portion adherent adapically. Anal notch 
broad, delineated by one small denticle. Outer lip weakly erect, with 5 strong 
denticles within; adapical denticle strongest. Siphonal canal of moderate length for 
the genus, narrowly open, abaxially and adaperturally bent, with 2 small open 
spines. Translucent white, largest paratype with tip of siphonal canal and 2 first 
teleoconch whorls pale brown. 


Remarks 

From Pterynotus levii Houart, 1988, P. crauroptera differs in its more rounded 
aperture, the erect columellar lip and the denticulate inner side of the outer 
aperturallip. It has more upwardly curved and spine-like flaring wings, grooved by 
a narrow channel, a relatively longer siphonal canal with 2 small open spines, and 
fewer, heavier spiral cords. Another Prerynotus species, P. fulgens Houart, 1988 
(New Caledonia) is twice as large with the same number of teleoconch whorls. The 
siphonal canal of P. fulgens is smooth, the varicial wings are flat and not grooved 
by a narrow channel, and it lacks the small, conspicuous intervaricial node of P. 


crauroptera in which, moreover, the protoconch is twice as large and more 
elongate. 


Etymology 


Greek, krauros (fragile) + pteron (wing), alluding to the fragility of the varicial 
wings. 


Subfamily Muricopsinae Radwin & D'Attilio, 1971 
Genus Pazinotus Vokes, 1970 
Type species: Eupleura stimpsonii Dall, 1889, by original designation. 


Remarks on Pazinotus Vokes, 1970 

Pazinotus is used here as genus, and not as subgenus of Poirieria Jousseaume, 
1880 (as by Vokes, 1970, 1971; Fair, 1976 and Houart, 1984, 1985) because of 
radular morphology of P. spectabilis n.sp. (fig. 39) and of P. sibogae (Schepman, 
1911) (unpublished). Poirieria has traditionally been classified in the Muricinae 
while it now appears, thanks to these observations, that Pazinotus could belong to 
the Muricopsinae. There is also a resemblance between the Indo-West Pacific 
species usually classified in Pazinotus (including P. spectabilis n.sp.) and the species 
of Pygmaepterys Vokes, 1978, a muricopsine genus. The generic placement of these 
species of Pazinotus is mainly based on their morphological resemblance to 
Eupleura stimpsonii Dall, 1889, the type species of Pazinotus. However, before a 
definitive decision on generic or subgeneric, and subfamilial classification of 
Pazinotus (s.s.) and the Indo-West Pacific species of Pazinotus may be taken, the 
radular morphology of Eupleura stimpsonii must be determined. 


Pazinotus spectabilis n.sp. 
Figs. 8-9, 39, 45 

Type material 

Loyalty Ridge, MUSORSTOM 6, stn DW 487, 21923'S, 167946'E, 500 m, 
Bouchet & Richer coll, 23 February 1989 (1 lv., 1 dd) (holotype and paratype 
MNHN); stn DC 402, 20930'S, 166°49’E, 520 m, Bouchet & Richer coll., 14 
February 1989 (1 dd) (paratype MNHN); stn DW 406, 20941'S, 167°07’E, 373 m, 
Bouchet & Richer coll., 15 February 1989 (3 lv., 3 dd) (1 paratype AMS C164822, 2 
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paratypes MNHN, I paratype NM T17/K7292, 1 paratype NMNZ MF.57495, 1 
paratype USN M 859446; stn DW 457, 21900'S, 167929'E, 353 m, Bouchet & Richer 
coll., 20 February 1989 (1 dd) (paratype MNHN); stn DW 460, 21°02’S, 167931’E, 
420 m, Bouchet & Richer coll., 20 February 1989 (31v., 3 dd) (5 paratypes MNHN, 
1 paratype coll. R. Houart); stn DW 471, 21908'S, 167954’E, 460 m, Bouchet & 
Richer coll., 22 February 1989 (1 dd) (paratype MNHN). 


Description 

Shell medium-sized for the genus, spinose, 12-15.1 mm in length at maturity. 
Spire of moderate height with 1.25 protoconch whorls and up to 5 broad, spinose 
teleoconch whorls. Protoconch smooth, glossy, weakly shouldered, terminal varix 
eroded (Fig. 45). Suture weakly impressed. First teleoconch whorl with 6 or 7 
lamellae, second and third with 7 or 8 varices and long, open shoulder spine, fourth 
teleoconch whorl with 7-9 varices, last teleoconch whorl with 6 or 7 spinose varices 
with long to very long, narrowly open shoulder spine, abapically followed by 3 or 4 
smaller open spines. Spines joined to each other by a varicial webbed expansion 
with crispate adapertural surface. Spiral sculpture consisting of 4 major cords that 
interconnect the varicial spines, 1-3 minor threads between each pair of cords. 
Spiral cords more strongly developed on each whorl. Shoulder smooth apart from 
fine axial growth lines. Aperture roundly-ovate. Columellar lip flared, rim strongly 
erect, abapically with 2 weak or rather strong nodes, otherwise smooth. Anal notch 
large, delineated by small denticle. Outer lip weakly erect, 3 or 4 strong denticles 
within. Siphonal canal of moderate length, with a small, open spine at its base, 
strongly abaperturally bent at tip. Whitish with adapertural part of siphonal canal 
and spiral cords of last teleoconch whorl partly brown coloured. 

Radula muricopsine with sickle shaped lateral teeth and central tooth with a 
short, projecting central cusp, and 2 small lateral cusps. Marginal cusps consist of 
one inner and one outer denticle (Fig. 39). 


Remarks 

Pazinotus falcatiformis (Thiele, 1925) is larger with an almost smooth, more 
fusiform shell, only 3 spiral cords on last teleoconch whorl, more strongly curved 
spines, and fewer varices (5 on last teleoconch whorl). Pazinotus smithi 
(Schepman, 1911) is narrower with 5 spiral cords on the last teleoconch whorl (3 on 
former whorls), and has more similarly sized varicial wings, while the aperture is 
larger and more ovate. Pazinotus sibogae (Schepman, 1911) is larger with a more 
strongly imbricate shell surface, longer varicial spines and a larger aperture. 
Pazinotus vaubanensis (Houart, 1986) is about one-half as large with longer 
varicial spines, a larger and smoother aperture, and a more lightly built shell. 


Etymology 
Latin, spectabilis (remarkable, notable). 


Genus Muricopsis Bucquoy & Dautzenberg, 1882 
Subgenus Murexsul Iredale, 1915 
Type species: Murex octogonus Quoy & Gaimard, 1833, by original designation. 
Muricopsis (Murexsul) charcoti n.sp. 
Figs. 10-11, 46-47 


Murexsul auratus -Houart, 1986: 431, pl. 4, figs 16, 16A (non Kuroda & Habe, 
1971). 
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Type material 

New Caledonia, BIOCAL, stn DW 44, 22947’ S, 167°14’E, 440-450 m, Bouchet, 
Métivier & Richer coll., 30 August 1985 (3 lv.) (holotype and | paratype MNHN, 
1 paratype coll. R. Houart). К.У. Vauban, stn 40, 22930'S, 166024'Е, 250-350 m, 
Warén coll., June 1979 (3 dd) (2 paratypes MNHN, | paratype NMNZ 
MF.57496). 
Description 

Shell small, up to 7.2 mm in length (holotype). Spire high with a protoconch of 
1.5 whorls and 3.5 spinose teleoconch whorls. Protoconch whorls smooth and 
glossy, rounded, ending with small, weakly raised terminal varix (Figs. 46 & 47). 
Suture weakly impressed. 6-8 spinose varices on each whorl. Varices of last 
teleoconch whorl with 4 open spines of moderate length. One additional small open 
spine on siphonal canal. No other axial sculpture. Spiral sculpture of last 
teleoconch whorl consisting of 4 primary cords interconnecting the varicial spines. 
Occasional presence of secondary cords between each pair of primary cords. 
Shoulder with 2 spiral threads. Former whorls with 2 or 3 spiral cords and one 
thread on shoulder. Aperture ovate or roundlyovate. Columellar lip smooth, rim 
erect. Anal notch obsolete. Weakly erect outer lip, smooth within, except small 
node abapically. Siphonal canal short, straight and open. Whitish with orange 
blotches on shoulder and base of siphonal canal. Fresh specimens with brownish 
periostracum. 
Remarks 

Muricopsis (Murexsul) auratus (Kuroda & Habe, 1971), here first recorded 
from South Africa (Fig. 12), has a higher spire with 8-10 varices on each whorl, a 
different spiral sculpture consisting of “spiral cords of various strength on the 
surface besides two strong ones” (Kuroda & Habe, 1971: 141), and 5 or 6 rather 
small open varicial spines on the last teleoconch whorl. 
Etymology 

Named after the R.V. Jean-Charcot, from which part of the material was 

collected. 


Muricopsis (Murexsul) bargibanti n.sp. 
Figs. 13, 37-38, 48-49 

Type material 

Coral Sea: MUSORSTOM 5, stn DW 347, Chesterfields Reefs, 19939'S, 
158°28’E, 260 m, Bouchet, Métivier & Richer coll., 17 October 1986 (holotype and 
paratype MNHN); stn DW 277, Kelso Bank, 24°11’S, 159935'E, 270 m, Bouchet, 
Métivier & Richer coll., 10 October 1986 (1 dd) (paratype MNHN); stn DC 345, 
Chesterfields Reefs, 19940'S, 158932'E, 305-310 m, Bouchet, Métivier & Richer 
coll., 16 October 1986 (1 dd) (paratype coll. R. Houart); stn DW 346, Chesterfield 
Reefs, 19940'S, 158927'E, 245-252 m, Bouchet, Métivier & Richer coll., 17 October 
1986 (2 dd) (paratypes MNHN); stn DC 368, Chesterfields Reefs, 19952'S, 
158933'E, 305 m, Bouchet, Métivier & Richer colL, 20 October 1986 (1 dd) 
(paratype NMNZ MF.57497). 
Description 

Shell small, up to 11.9 mm in length (holotype). Spire high with a protoconch of 
1.25 to 1.5 whorls and 5 spinose teleoconch whorls. Protoconch whorls smooth, 
weakly keeled, ending with sharp, erect terminal varix (Figs. 48 & 49). Suture 
weakly impressed. First teleoconch whorls with 7 or 8 axial lamellae, second and 
third with 8 varices, fourth with 7. Last teleoconch whorl with 6 low, spinose 
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varices. Other axial sculpture consisting of fine growth striae and 3-5 frilly lamellae 
between each pair of varices. Varices of last teleoconch whorl with 4 short, acute 
spines, and 6 or 7 open, short spinelets between spines. Spiral sculpture of last 
teleoconch whorl of 4 or 5 primary, and 6 or 7 secondary squamous cords 
interconnecting varicial spines. Shoulder with 2 or 3 low spiral threads. Former 
whorls with 3 spiral cords. Aperture roundly-ovate. Columellar lip smooth, rim 
flaring, adherent at adapical extremity. Anal notch obsolete. Outer lip smooth with 
3 low and shallow nodes within. Siphonal canal moderately long, straight, open 
with one short open spine. Whitish with irregularly spaced small yellow or orange 
blotches. Siphonal canal light pink in the holotype only. 


Remarks 

Muricopsis (Murexsul) metivieri Houart, 1988 from New Caledonia has a more 
globose shell with different spiral sculpture consisting of 7 or 8 equal-sized cords, 
ending as large and broadly open varicial spines. M. charcoti is smaller and quite 
different (see description is this paper). M. interserratus (Sowerby, 1879) 
(=Murexsul zonatus Hayashi & Habe, 1965) has a twice smaller, rounded 
protoconch, higher spiral cords, fewer spiral threads, and strongly adapically bent 
shoulder spines. M. multispinosus (Sowerby, 1904) (= Murex azami Kuroda, 1929) 
is almost twice larger, more spinose witha very long siphonal canal, different spiral 
sculpture and a smaller, more rounded protoconch. M. tokubeii (Nakamigawa & 
Habe, 1964) is larger with 6 long, open spines on the varices of last teleoconch 
whorl, 4 or 5 shoulder threads, and twice smaller rounded protoconch. 


Ety mology 

Named after Mr Georges Bargibant, technician of Centre ORSTOM, Nouméa, 
whose profound knowledge of the reef fauna resulted in the discovery of numerous 
new invertebrates in New Caledonian waters. 


Muricopsis (Murexsul) diamantina n.sp. 
Figs. 14-15, 50-51 


Type material 

West of Garden Island, Western Australia, HMAS Diamantina, stn 33, 
32915.7'S, 115%06.7'Е, 176-182 m, 17 March 1972 (1 dd) (holotype WAM 284-91); 
north-west of Bunbury, Western Australia, HMAS Diamantina, stn 6, 33900'S, 
114937' E, 200-221 m, 15 March 1972 (2 dd) (paratypes AMS C157138); west of 
Cape Hamelin, Western Australia, HM AS Diamantina, stn 18, 34°15’S, 114930'E, 
219-274 m, 16 March 1972 (4 dd) (1 paratype AMS C157729, 3 paratypes WAM 
285-91); south-west of Cape Naturaliste, HM AS Diamantina, stn 22, 33935.1'S, 
114931.4’E, 176-183 m, 16 March 1972 (1 dd) (paratype IRSNB IG 27725); 
Recherche Archipelago, Western Australia, HM AS Moresby, stn 18, 34919.5'S, 
121927’E, 80 m, 14 March 1981 (1 dd) (paratype MNHN). 


Description 

Shell small, up to 11 mm in length at maturity. Spire high with a protoconch of 
1.5 whorls and up to 4 or 5 shouldered teleoconch whorls. Protoconch whorls 
smooth, rounded, ending with sharp, weakly erect terminal varix (Figs. 50 & 51). 
Suture weakly impressed, largely obscured by axial lamellae of following whorl. 
First teleoconch whorl with 8 varices, second with 7, third and fourth with 6, last 
teleoconch whorl with 4 or 5 low, weakly spinose varices. Other axial sculpture 
consisting of numerous, frilled lamellae, covering the whole surface of shell. Spiral 
sculpture of last teleoconch whorl of 5 rounded, high cords, ending as 5 short, 
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blunt, widely open spines on varices, usually interconnected webbing. Shoulder 
spine and last two abapical spines strongest. Former whorls with 2 spiral cords and 
small shoulder spine. Aperture large and ovate. Columellar lip smooth, rim erect 
abapically, adherent on small portion abapically. Anal notch obsolete. Outer lip 
apparently smooth but fragile and broken in all specimens. Siphonal canal short, 
open, with one small, open spinelet. Whitish with some traces of pale brown at 
shoulder, but all specimens dead collected. 


Remarks 

Most similar to Muricopsis (Murexsul) interserratus (Sowerby, 1879) from 
Japan, Muricopsis (Murexsul) kieneri (Reeve, 1845), and Muricopsis (Murexsul) 
nothokieneri (Vokes, 1978), both from South Africa. Muricopsis interserratus 
differs in having more numerous varices, longer, adapically curved shoulder spines, 
comparatively smaller aperture, longer siphonal canal and broader shell. 
Muricopsis kieneri and M. nothokieneri both differ in having 8-10 varices on last 
teleoconch whorl, more numerous spiral cords, broader and smaller aperture, 
acute and keeled protoconch. 


Etymology 
Named after HMAS Diamantina, from which the type material was collected. 


Subfamily Typhinae Cossman, 1903. 


Remarks 

Houart (1991) recorded 11 species of Typhinae in the New Caledonian region, of 
which 5 were described as new. He used individual measurements of shell 
characters that will be also taken in account here: 


A. Length of the shell: taken from the apex to the tip of the siphonal canal. 

B.  Breadth of the shell: largest breadth, not including anal tubes. 

C. Length and breadth of the aperture: largest measurements, taken from the 
inner side of the peristome. 

D. Length of the siphonal canal. 

E. Length of the apertural anal tube. 

F Breadth of the apertural tube: largest breadth, taken near the base. 

С. Tube angle: the shell is placed with the apex above, the aperture facing left; 
the angle is measured between the axis of the shell and the axis of the anal 
tube, near its point of exit. 


Genus Typhis Montfort, 1810 
Subgenus Typhis Montfort, 1810 
Type species: Purpura tubifer Bruguière, 1792, by original designation. 


Typhis (Typhis) westaustralis n.sp. 
Figs. 16-18, 53 


Type material 

West of Garden Island, Western Australia, HMAS Diamantina, stn 33, 
32215.7'S, 115906.7'E, 176-182 m, 17 March 1972 (1 dd) (holotype WAM 286-91); 
west of Garden Island, Western Australia, HMAS Diamantina, stn 32, 32915'S, 
115907'E, 210-212 m, 17 March 1972 (4 dd) (paratypes AMS C157122); WNW of 
Lancelin, Western Australia, HMAS Diamantina, stn 39, 30958'S, 114953'E, 154 
m, 18 March 1972 (2 dd) (paratypes AMS CI57127, WAM 287-91). 
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Description 

Shell small, up to 10.5 mmin length at maturity (holotype). Spire high with 1.5 
protoconch whorls and 5 teleoconch whorls. Protoconch whorls weakly elongate, 
smooth and glossy (Fig. 53). Suture impressed. Each teleoconch whorl with 4 
varices. Varices of last teleoconch whorl with 3 small, very low spines. Shoulder 
spine longest. Varices joining former whorl with a strong varicial buttress. A 
rounded anal tube originates from succeeding varix, forming an angle of 
approximately 60-65° with the axis of the shell. Spiral sculpture consisting of 
numerous, shallow striae, and 2 shallow cords that interconnect varicial spines. 
Aperture rounded, rim erect and smooth, forming an entire peristome. Siphonal 
canal short, sealed, hollow and smooth, weakly abaperturally bent at tip. Whitish 
with traces of light orange blotches on last teleoconch whorl. 


Measurements 
(holotype): A-B: 10.5 X 6.3 mm; C: 2.3 X 1.7 mm; D: 2.6 mm; E: 2.2 mm 


(partially broken); F: 0.9 mm; G: 60°. 


Remarks 
Typhis (Typhis) philippensis (Watson, 1883) has a shell with more strongly 


spinose varices without buttresses, and straighter anal tubes, forming an angle of 
approximately 80°-90° with the axis of the shell. Typhis (Typhis) wellsi Houart, 
1985 has a broader shell, almost three times larger with the same number of 
teleoconch whorls, and it has more spinose varices and spinose siphonal canal. 


Etymology 
Named after the known geographical range of the species (Western Australia). 


Subgenus Hirtotyphis Jousseaume, 1880 
Type species: Murex horridus Brocchi, 1814, by original designation. 


Typhis (Hirtotyphis) trispinosus n.sp. 
Figs. 19-21, 52 


Type material 

Northeast of Lady Musgrave Island, Queensland, HMAS Kimbla, stn 24, 
23038.8'S, 152045.5'E, 365 m, Globigerina mud/siliceous sponge, Ponder, Loch & 
Terrill coll., 14 December 1977 (1 dd) (holotype AMS C157142); east of North 
West Island, Queensland, HMAS Kimbla, stn 22, 23915.2'S, 152924.1’E, 284 m, 
Ponder, Loch & Terrill coll., 14 December 1977 (1 dd) (paratype AMS C157140). 


Description 
Shell medium sized for the genus, spinose, up to 13.5 mm in length at maturity 


(paratype). Spire high, acute, with 1.75 to 2 protoconch whorls and 5 spinose 
teleoconch whorls. Protoconch whorls weakly elongate, smooth, glossy (Fig. 52). 
Suture impressed. Each teleoconch whorl with 4 varices. Varices of last teleoconch 
whorl with 3 short, closed, hollow spines. Adapical spine weakly adapically bent, 
second nearly straight, third abapically bent. Penultimate whorl with 2 spines on 
each varix. Other axial sculpture of numerous shallow growth striae. Spiral 
sculpture obsolete. A rounded, weakly abapically bent anal tube originates just 
near preceding varix, forming an angle of approximately 100° with the axis of the 
shell. All tubes broken off. Aperture ovate, rim erect and smooth, forming an entire 
peristome. Siphonal canal medium-sized for the genus, sealed and hollow, with 2 
closed, hollow, short spines. Whitish. 
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Figs. 19-27 Figs. 19-21. Typhis trispinosus n.sp., holotype AMS C157142, 12 mm. 22-24. Typhis 
insolitus n.sp., holotype MNHN, 16.9 mm. 25-27. Siphonochelus lozoueti n.sp., 
holotype MNHN, 9.4 mm. 
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28-36 Figs. 28-30. Siphonochelus tillierae Houart, 1986. Transkei, South Africa, NM C8827, 
9.5 mm. 31-32. Trophon lacrima n.sp., holotype MNHN, 9 mm. 33-34. Trophon 
tirardi n.sp., 12 mm. 35-36. ? Trophon aberrans n.sp., holotype AMS C157138, 6.3 mm. 


Figs. 
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Figs 37-42. Radulae (scale bars 10 um). 37-38. Muricopsis bargibanti n.sp., holotype. 39. Pazinotus 
spectabilis n.sp., paratype MNHN. 40. Trophon lacrima n.sp., paratype MNHN. 41-42. 
Trophon tirardi n.sp., paratype MNHN. 
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Measurements 
(holotype): A-B: 12 X 7.9 mm; C: 3.2 X 2.3 mm; D: 3.7 mm (tip broken); E: 
broken; F: 1.6 mm; G: 1009. 


Remarks 

Because of the typical varicial spines, Typhis (H.) trispinosus is apparently most 
closely related to the fossil species T. (H.) horridus (Brocchi, 1814) (Upper 
Miocene-Pliocene, Italy and France), 7. (H.) maccoyi Woods, 1876 (Oligocene, 
Australia), and T. (H.) panoplus Maxwell, 1971 (Upper Oligocene, New Zealand). 
Typhis (H.) trispinosus differs from all three in its narrower outline and smaller 
size. Moreover, T. horridus and T. planopus both have spineless siphonal canals, 
and T. maccoyi has 4 spines on the varices of the last teleoconch whorl, less 
abapically bent anal tubes (approximately 85-90° with the axis of the shell), while 
the rounded protoconch is half to almost a third the size. 


Etymology 
Latin, trispinosus (with three spines), alluding to the three spines on the varices 
of last teloconch whorl. 


Subgenus Typhinellus Jousseaume, 1880 
Type species: Typhis sowerbii Broderip, 1833, by original designation. 


Typhis (Typhinellus) insolitus n.sp. 
Figs. 22-24 


Type material 

Loyalty Ridge, MUSORSTOM 6, stn DW 406, 20941'S, 167%07'Е, 373 m, 
Bouchet & Richer coll., 15 February 1989 (1 dd)(holotype MNHN); stn DW 407, 
20°41’S, 167907'E, 360 m, Bouchet & Richer coll., 15 February 1989 (1 dd) 
(paratype MNHN). 


Description 

Shell medium-sized for the subgenus, up to 16.9 mm in length at maturity 
(holotype). Spire high, with 5 teleoconch whorls and broken protoconch. Suture 
impressed. Each whorl with 4 varices. Varices of last teleoconch whorl sharp, 
adaperturally squamose, with 3 short, narrowly open, broad spines. Shoulder spine 
adapically bent. Spines connected on each other with varicial flange extending 
almost to the tip of siphonal canal (paratype). Axial sculpture of fine, numerous 
striae. No trace of spiral sculpture except darker coloured spiral lines that 
interconnect varicial spines. A weakly flattened anal tube originates about midway 
between each pair of varices, forming an angle of approximately 50° with the axis 
of the shell. Aperture rounded, rim strongly erect, forming an entire peristome. 
Siphonal canal long, sealed, with 2 or 3 small open spines covered by varicial 
flange. Light brown with 6 darker fine spiral lines, 4 on last teleoconch whorland 2 
on siphonal canal. 


Measurements 

(holotype): A-B: 16.9 X 8.3 mm; C: 2.4 X 1.8 mm; D: 7 mm; Е: 2.3 mm; Е: 1.7 
mm; G: 500. 
Remarks 

No related species could be found. 


Etymology 
Latin, insolitus (unusual), alluding to the unusual shape of the shell. 
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Figs. 43-60. Protoconchs (scale bars 0.5 mm). 43-44. Prerynotus crauroptera n.sp. 45. Pazinotus 
spectabilis n.sp. 46-47. Muricopsis charcoti n.sp. 48-49. Muricopsis bargibanti n.sp. 
50-51. Muricopsis diamantina n.sp. 52. Typhis trispinosus n.sp. 53. Typhis westaustralis 
n.sp. 54. Siphonochelus tillierae Houart, 1986. 55-56. Trophon lacrima n.sp. 57-58. 
Trophon tirardi n.sp. 59-60. ? Trophon aberrans n.sp. 
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Genus Siphonochelus Jousseaume, 1880 
Subgenus Siphonochelus Jousseaume, 1880 
Type species: Typhis arcuatus Hinds, 1844, by original designation. 


Siphonochelus (Siphonochelus) lozoueti n.sp. 
Figs. 25-27 


Type material 
Loyalty basin, east of New Caledonia, BIOGEOCAL, stn DW 253, 21932'S, 
166929'E, 310-315 m, Lozouet coll., 16 April 1987 (dd) (holotype MNHN). 


Description 

Shell small, fusiform, holotype 9.4 mm in length. Spire high with 5 teleoconch 
whorls. Protoconch broken. Suture impressed. Axial sculpture consisting of 4 
rounded varices and of a shallow, elongate node near preceding varix. Varices 
broad on last teleoconch whorl. A weakly flattened anal tube originates from the 
varix, weakly adapically bent, forming an angle of approximately 60? with the axis 
of the shell. Varices sharper on former whorls. Spiral sculpture of numerous striae 
covering the whole surface of two last teleoconch whorls. Aperture ovate, smooth, 
rim erect, forming an entire peristome. Siphonal canal short, tubular and sealed. 
Whitish. 


Measurements 

А-В: 9.4 mm X 5.2 mm (apex broken); C: 1.8 mm X 1.2 mm; D: 2.8 mm; E: 
broken; F: 1.5 mm; G: 60°. 
Remarks 

Siphonochelus japonicus (A. Adams, 1863) has an aperture that is relatively 
twice as large, a narrower shell, smaller, more adapically bent anal tubes, more 
rounded varices and smooth shell. 

The New Caledonian Siphonochelus boucheti Houart, 1991 is similar but has a 
more elongate shell with more flattened and adapically bent anal tubes, more 
strongly developed varices and no spiral striae. 


Etymology 

Named for Pierre Lozouet, museum technician at MNHN, who collected 
molluscs on board of R.V. Coriolis during the BIOGEOCAL cruise, in recognition 
for his generous and friendly assistance in many ways. 


Subgenus Laevityphis Cossmann, 1903 


Type species: Typhis coronarius Deshayes, 1865 (= Typhis muticus J. Sowerby, 
1834), by original designation. 


Siphonochelus (Laevityphis) tillierae Houart, 1986 
Figs. 28-30, 54 


Siphonochelus (Laevityphis) tillierae Houart, 1986: 442, pl. 2, figs. 6, 6A. 


Type locality 
New Caledonia, 22930'S, 166°24’E, 250-350 m. 


Material examined 
South Africa: off Monte Belo, Limpopo area, 421 m, NM A26 (2 dd); NMDP, 
stn J8, Transkei, off Mgazi River, 31944.8'S, 29933.0'E, 370 m, 04 July 1985, NM 
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E7631 (1 dd), NM C8827 (1 dd, 1 lv.); NM DP stn J9, Transkei, off Mgazi River, 
31944.4'S, 29932.7’E, 300 m, 04 July 1985, NM E7632 (1 dd), NM E7747 (1 dd), NM 
C9201 (1 lv.); NMDP stn J10, Transkei, off Mgazi River, 31944.3'S, 29932.2’E, 350 
m, 04 July 1985, NM E1046 (2 dd), NM E5585 (6 dd), NM E7633 (8 d), NM C8863 
(4 dd); NMDP stn J11, Transkei, off Mgazi River, 31944.3’S, 29932.2'E, 250 m, 04 
July 1985, NM C8945 (1 dd); NMDP stn E13, Transkei, off Waterfall Bluff, 
31930.6’S, 29°56. 1'E, 400-550 т, 04 July 1986, NM C9785 (1 dd); NM DP stn ZR13, 
Zululand, off Matigulu River mouth, 29922.8'S, 31958.7'E, 520 m, 16 June 1989, 
NM E8731 (1 dd). All dredged К.У. Meiring Naudé. 


New Caledonia 

Type material consisting of the holotype and one paratype, both from the type 
locality, and 17 additional specimens from southern to northern New Caledonia, 
between 565 and 1380 m, live collected material in 760-790 m only (MNHN). 


Remarks à 

As for Pterynotus fulgens Houart, 1988 (see above), the discovery of several 
specimens of S. tillierae in South Africa considerably extends its geographical 
range. 


Subfamily Trophoninae Cossmann, 1903 
Genus Trophon Montfort, 1810 


Type species: Murex magellanicus Gmelin, 1791 (= Buccinum geversianum Pallas, 
1774) by original designation. 


Trophon lacrima n.sp. 
Figs. 31-32, 40, 55-56 

Type material 

South of New Caledonia, BIOCAL, stn DW 44, 22947'S, 1679?14'E, 440-450 m, 
Bouchet, Métivier & Richer coll., 30 August 1985 (50 lv. & dd) (Holotype and 37 
paratypes MNHN; 2 paratypes AMS C164823; 2 paratypes coll. R. Houart; 2 
paratypes NM T280/ K 7294 ; 2 paratypes NMNZ MF.57498; | paratype NSMT 
M 0-69563; 2 paratypes USNM 859447); SMIB 2, stn DW 02, 22952'S, 167°13’E, 
415 m, Bargibant & Tirard coll., 05 February 1986 (1 lv.) (paratype MNHN). 
Description 

Shell small for the genus, lightly built, up to 11.1 mm in length at maturity. Spire 
high and acute, with 1.5 protoconch whorls and up to 5 weakly shouldered 
teleoconch whorls. Protoconch conical, whorls smooth, ending with a very weakly 
erect terminal varix (Figs. 55 & 56). Suture lightly appressed. First and second 
teleoconch whorls with 9 or 10 low axial ridges, third and fourth with 8 or 9 ridges, 
and last teleoconch whorl with 5-7 axial ridges. From fourth teleoconch whorl the 
ridges becoming irregularly placed, leaving generally a broad gap between 
penultimate and last varix, some of these varices forming a sharp, arched lamella 
on last teleoconch whorl. Other axial sculpture consisting of growth striae. Spiral 
sculpture of numerous, fine lirae covering the whole surface of shell. Aperture 
broad, large. Columellar lip flaring, smooth, rim partially erect, adherent 
adapically on a small portion. Anal notch shallow. Outer lip thin and smooth. 
Siphonal canal short, narrowly open, smooth, bent adaperturally. Whitish with 
very light brownish blotches. Operculum brownish with apical nucleus. Radula 
consisting of a sickle shaped lateral tooth and a central tooth with long central cusp, 
2 smaller lateral cusps and | or 2 marginal denticles (Fig. 40). 
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Remarks 

The radula is almost identical to that of such Trophon species as T. cepula 
Sowerby, T. nodulosus (Golikov, 1985) (unpublished) and Trophon multigradus 
Houart, 1990 (Houart, 1990a: 212), and suggested the generic placement of the 
species. 


Etymology 
Latin, /acrima (tear), alluding to the shape of the shell. 


Trophon tirardi n.sp. 
Figs 33-34, 41-42, 57-58 


Type material 

South of New Caledonia, BIOCAL, stn DW 51, 23905'S, 167945'E, 680-700 m, 
Bouchet, Métivier & Richer coll., 31 August 1985 (53 lv. & dd) (Holotype and 42 
paratypes MNHN; 2 paratypes AMS C164824; 2 paratypes coll. R. Houart; 2 
paratypes NM T363/K7295; 2 paratypes NMNZ MF.57499; | paratype NSMT 
Mo-69564; 2 paratypes USN M 859448); stn DW 33, 23°10’S, 167°10’E, 675-680 m, 
Bouchet, Métivier & Richer coll., 29 August 1985 (11 lv.) (paratypes MNHN); stn 
DW 36, 23909'S, 16791 lE, 650-680 m, Bouchet, Métivier & Richer coll., 29 August 
1985 (1 lv.) (paratype MNHN). New Caledonia, MUSORSTOM 4, stn DW 220, 
22958'S, 167938'E, 505-550 m, Bouchet & Richer coll., 29 September 1985 (3 lv.) 
(paratypes MNHN); stn DW 221, 22959'S, 167937’E, 535-560 m, Bouchet & Richer 
coll, 29 September 1985 (2 lv.) (paratypes MNHN); stn DW 222, 22°58’S, 
167933'E, 410-440 m, Bouchet & Richer coll., 30 September 1985 (2 lv.) (paratypes 
MNHN). 


Description 

Shell small for the genus, globose, up to 12 mm in length at maturity. Spire high, 
with 1.5 protoconch whorls and up to 5 broadly convex, weakly shouldered 
teleoconch whorls. Protoconch whorls rounded and smooth, ending with a 
shallow terminal varix (Figs. 57 & 58). Suture impressed. Axial sculpture of first to 
third teleoconch whorls of 8-10 low and sharp ribs, fourth whorl with 9 or 10 ribs 
and last teleoconch whorl with 8 or 9 ribs. Some ribs produce erect, irregularly 
placed, arched lamellae. Other axial sculpture consisting of numerous, frilled, lirae. 
Spiral sculpture of 10-14 nodulose, shallow or strongly developed cords on last 
teleoconch whorl. Carinal cord sometimes stronger, with an occasional small knob 
or spine where it cross axial ribs. Aperture large and broad with flaring columellar 
lip, rim erect. Anal notch shallow. Outer lip thin and smooth, occasionally with 
small abapical denticle within. Siphonal canal short, narrowly open with 5 or 6 
spiral cords on its base, tip smooth. Shell uniformly whitish to very light brown. 
Operculum light brown with apical nucleus. Radula with sickle shaped lateral 
tooth and a central tooth with a long central cusp, occasionally small lateral folds, 2 
lateral cusps and | or 2 marginal denticles or folds (Figs. 41 & 42). 


Remarks 

Trophon tirardi is related to the preceding species but differs in having a larger 
shell with more rounded protoconch, fewer, more strongly developed spiral cords, 
and more axial ribs on the last teleoconch whorl. 


Etymology 
Named after Mr Philippe Tirard, technician of Centre ORSTOM, Nouméa. 
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?Trophon aberrans n.sp. 
Figs. 35-36, 59-60 
Type material 
Southeast of Swain Reefs, Queensland, HMAS Kimbla, stn 7, 22926.2'S, 
153917.6'E, 187 m, P.H. Colman coll., 05 July 1984 (5 dd) (holotype AMS C157138 
and 2 paratypes AMS C164825; 1 paratype MNHN; | paratype QM Mo 30110). 
Description 


Shell small for the genus, stout, up to 6.9 mm in length. Spire high with 1.5 
protoconch whorls and up to 4 elongate teleoconch whorls. Protoconch whorls 
elongate, smooth and keeled, ending with a shallow, weakly erect, thin terminal 
varix (Figs. 59 & 60). Suture impressed. Axial sculpture of first teleoconch whorl 
consisting of 8 or 9 strongly developed axial ribs, second whorl with 9 ribs, third 
with 10 ribs, last teleoconch whorl with 9 or 10 strongly developed axial ribs. Axial 
ribs producing short, open, adapically bent spines on shoulder. No other axial 
sculpture. Spiral sculpture of last teleoconch whorl of 4 cords, more strongly 
developed on the axial ribs, giving the shell a somewhat nodulose aspect. 
Penultimate whorl with | or 2 shallow spiral cords. No spiral sculpture on former 
whorls. Aperture broadly ovate. Columellar lip smooth, rim broken. Anal notch 
shallow. Outer lip smooth. Siphonal canal short, straight and open, with 2 or 3 
shallow spiral cords and remnants of axial ribs. Whitish. 

Remarks 

The generic classification of this species is only tentative. The shell resembles 
some other Australian species for which the radula is unknown, and that are 
currently classified іп Trophon (5./.). ?Trophon latior Verco, 1909 is a South 
Australian species with 2.5 rounded protoconch whorls, fewer spiral ribs and no 
shoulder spines. ?Trophon segmentatus Verco, 1909, another South Australian 
species, has a rounded protoconch and narrow axial ribs produced into sharp 
lamellae on the teleoconch whorls. 


Etymology 
Latin, aberrans (aberrant), alluding to the questionable generic classification. 
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Book Review 


Wells, Е. E., Walker, D. 1., Kirkman, H., and Lethbridge, R. (Eds). 1990/91. 
Proceedings of the third international marine biological workshop: The marine 
flora and fauna of the Albany area of Western Australia. Western Australian 
Museum, Perth. 2 volumes, 722 pages. ISBN 0 7309 3953 7. In Australasia $75.00 
Aust. 

This two volume publication arose from an 18 day workshop organised by the 
Western Australian Branch of the Australian Marine Sciences Association and 
was held at Albany in southern Western Australia in January 1988. The format of 
the workshop was based on the successful Hong Kong workshop model, which has 
proved to be a useful means of rapidly increasing the understanding of the 
taxonomy and ecology of an area. The Albany workshop brought together 27 
researchers with very varied interests in marine research and the resultant 
publication contains 29 separate papers dealing with taxonomy, systematics, 
biogeography, ecology and physiology. The subject matter of the papers is diverse, 
with taxonomic works on annelids, molluscs, crustaceans, and echinoderms and 
ecological studies on individual species as well as the communities of seagrass beds 
and rocky shores. The aims of the workshop included the development of a wider 
knowledge of the marine life of southern Western Australia and several of the 
papers include the results of studies relatingto the entiresouth coast and lower west 
coast. Theinclusion of such data gives the publication a much wider relevance and 
makes it a valuable reference document. The researchers and the editors are to be 
congratulated on their efforts in completing the research and bringing it to 
publication in a reasonable time frame. 
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Cardium angulatum Lamarck, 1819: a misinterpreted 
senior synonym of Cardium alternatum Sowerby, 1840. 
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ABSTRACT 


Examination of the type material of Cardium angulatum Lamarck 1819, 
demonstrates that the name is not a synonym of C. rugosum as it has often 
been accepted. Instead it proves that C. angulatum is the valid name for the 
Indo Pacific species known as C. alternatum Sowerby, 1840. Because 
Sowerby's name is not that of a common and/or economically important 
species, it is proposed to adopt Lamarck's name. 


INTRODUCTION 


Lamarck (1819:9) thus introduced the name Cardium angulatum: No 19, Bucarde 
anguleuse. Cardium angulatum. "C. testa longitudinali, ovata, obliqua, albida, 
superne purpureo zonata : costis 32, dorso angulatis, transverse sulcatis; anterius 
hiante. Seba, Mus. 3. Tab. 86, Fig. 6.. Habite....les mers d'Amerique? Mon cabinet. 
Les cotes du cote posterieur, sont comme crenelees obliquement par des tubercules 
allonges. Longueur, 68 millimetres. Le Museum en possede une variete blanche 
nuee de fauve." 

In the present paper I examine briefly previous opinions on the name Cardium 
angulatum Lamarck; | then report on my examination of the type material; finally 
І examine the nomenclatural consequences of my findings. 


The name Cardium angulatum in the literature 


Deshayes (1835: 399) repeated verbatim Lamarck (1819), but added in a 
footnote: "La coquille qui, dans la collection du Museum, porte ce nom, est un 
grand et bel individu du Cardium rugosum No 23. Nous ne savons s'il en est de 
meme de la coquille de la collection de Lamarck.” [The shell which, inthe Museum 
collection, bears this name, is a large and fine specimen of C. rugosum, No 23. We 
do not know if the same is true for the shell in Lamarck’s collection.] 

Sowerby (1841: 4) listed, but did not figure, C. angulatum Lamarck in his list of 
recent species of Cardium. He apparently considered it a valid species, and gave the 
reference to Seba's figure. Sowerby (1842: 97, 297, fig. 123) figured as Cardium 
angulatum a shell which earlier (1839: 18, fig. 123) he had figured (in error ?) as С. 
maculosum. 

Reeve (1845: species 70) describes C. angulatum Lamarck and gives a new 
illustration based on a shell in “Mus. Saul”. 

From that moment three different interpretations of the name Cardium 
angulatum have appeared in the literature: 
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(i) Probably based on Lamarck’s type locality: (“the seas of America ?"), 
d'Orbigny (1853), Schramm (1867) and Martens (1889) used C. angulatum as 
the valid name of the Western Atlantic species now known as Trachycardium 
or Acrosterigma magnum (L.) (see Clench & Smith 1944). 

(ii) Romer(1869: 56), based on the footnote of Deshayes, considers C. angulatum 
a synonym of C. rugosum, both placed in the synonymy of C. flavum. This 
opinion was followed by many later authors (e.g. Lamy 1941, Fischer Piette 
1977). 

(ш) Hedley (1899) and Hidalgo (1903) used C. angulatum Lamarck as a valid 
specific name but their concept of the name was based on Reeve's figure and 
description. Abbott & Dance (1982) apparently used the name [as 
Trachycardium angulatum (Lamarck, 1822)] in this sense. 

All of the authors since 1905 have apparently overlooked Bulow (1905), who 
concluded that Reeve's description and figure referred to a different species from 
that of Lamarck. He named it Cardium pseudoangulatum and based his 
description on a shell of his own collection. 

It then appears that most opinions on Lamarck's C. angulatum are based on 
interpretations of the original description and/or Seba's illustration. Only 
Deshayes did examine one of the syntypes, and itis on his authority that the name 
angulatum has consistently been misinterpreted as demonstrated below. 

All nominal species involved are now tentatively placed by Wilson & Stevenson 
(1977) in the trachycardiine genus Acrosterigma Dall, 1900, a decision with which I 
provisionally agree. 


Examination of Lamarck's type material 


The name Cardium angulatum is based on three different specimens: 

(a) Theshell depicted by Seba (1758); the figure is good but the shell is apparently 
not traceable to any Museum collection. 

(b) The 68 mm shell from Lamarck's private collection, which is now in the 
Museum d'Histoire Naturelle de Geneve (MHNG). 

(c) The colour variety from the “Museum” collection, which is still in the Museum 
National d'Histoire Naturelle («MNHN). 


I have examined both syntypes in MHNG and MNHN: 


(i) The specimen from Geneva, registered No. 1095/44 19L, (Fig. 1, 2, 3) is 68 mm 
high, 59 mm long and 41 mm wide. Shell obliquely ovate; antero-ventral edge 
rounded, posterior margins flared out, forming a wing. Consequently the ribs 
are notably curved away. In the ventral part of the shell, valves touch only 
along a few ribs, the anterior and posterior edges gaping uniformly. Anterior 
gaping is less than | mm wide, the posterior one being almost 3 mm wide. 
Hinge line typical of the genus. Number of ribs: 31 in the right, 32 in the left 
valve. The ribs and interstices in the medio-posterior zone are notably larger. 
Detailed description of ribs and sculpture is given below. Exterior colour 
uniformly cream in the oldest part of the shell. In the younger part, there are 
several concentric pink-purple coloured strips. Interior white with some pink 
spots on and below the hinge area, and some pale pink-purple concentric strips 
in the latest formed part of the shell, the darker being on the posterior margin. 


(ii) The specimen in MNHN (Fig. 4), is 75 mm high, 66 mm long and 43 mm wide. 
General characters of the shell are comparable to the Geneva syntype. Gaping 
on both sides present, but not as wide (1.5 mm in the posterior edge). Number 
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Figures 1-3. Acrosterigma angulatum (Lamarck). Syntype M HNG. Locality unknown. Height 68 


Figure 4. 
Figure 5. 


Figure 6. 


mm. Photo G. Dajoz, MHNG. 
Acrosterigma angulatum (Lamarck). Syntype MNHN. Right valve. Locality unknown. 


Height 75 mm. 

Acrosterigma rugosum (Lamarck). Right valve. Locality unknown. Exceptional 
specimen in size and shape to be compared with A. angulatum of figure 4. Height 75 mm. 
Acrosterigma rugosum (Lamarck). Locality: Noumea, New Caledonia. Height 48 mm. A 


specimen with more standard characters. 
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of ribs: 33 in the right valve and 34 in the left one. As far as width is concerned 
the medio-posterior ribs and interstices are less differentiated. Exterior cream 
with roughly concentric pale orange-brown mottles principally on the medio- 
anterior part of the shell. Interior white with zones of very pale orange-brown 
under umbones and hinge. 


Based on my examination I conclude these two syntypes to be conspecific (Seba 
shell was also probably conspecific), but my interpretation differs from that of 
previous authors: these syntypes are what is now generally knownas Acrosterigma 
alternatum Sowerby, 1841 [lectotype designated by Wilson & Stevenson 1977: 84, 
pl. 5, fig. 13; BMNH 1971.24; type locality: Ticao, Philippines]. The correct identity 
of the Geneva syntype had already been recognized by Mermod, former curator in 
MHNG, as evidenced by a manuscript label in the collection. 

It may be noted at this point that the type locality originally indicated by 
Lamarck (“the seas of America 2”) is erroneous whether the name A. angulatum is 


treated as a valid species (my opinion) or as a synonym of A. rugosum (Deshayes 
and later authors). 


Comparison between Acrosterigma angulatum and A. rugosum 


Admittedly, A. angulatum and A. rugosum bear some resemblance in the general 
aspect and particularly in colour, similar sizes (although rugosum is generally 
smaller), and number of ribs. Besides, rugosum can sometimes take an 
inequilateral shape with ribs very curved, similar to angulatum (see Fig. 5). 
Nevertheless essential differences exist between these two species, and a careful 


examination makes the confusion impossible. These differences are indicated in 
Tahle 1 


Table 1. Comparison between Acrosterigma angulatum and Acrosterigma rugosum 


A. angulatum A. rugosum 

1. Shell with small anterior gap and wider 1. Shell not or exceptionally gaping. 
posterior gap. 

2. Ribs (except in anterior and posterior 1/4) 2. Except in posterior 1/4, ribs always ; 
with highly asymetric triangular section: rounded, only rarely and weakly asymetrical 


posterior slope shorter and more abrupt than 
anterior one. 


3. In central part of valve, anterior slope 3. Except in posterior 1/4, ribs with sculpture 
smooth, posterior slope with oblique extending on both sides. 
sculpture. 
4. In medio-posterior part of shell crest of 4. In medio-post. part of shell crest of ribs 
ribs often with tubercles. without tubercles. 
5. Intercostae with a riblet in central part of 5. Intercostae flat, without riblets. 
valve. 
6. Intercostal sculpture only incremental 6. Even oblique concentric striae in 
lines. intercostae. 
7. In post, part of shell intercostae loose 7. In posterior part of shell intercostae 
central riblet and get a triangular section. remain flat. 
In post. part of shell small, fragile, slightly In post. part of shell solid arched scales, 
curved scales on crest of ribs, almost in same obliquely set on posterior part of ribs, 
axis than them. forming with them a 45? angle. 
In post, part of shell no secondary scales In post. part of shell numerous flat 
on edges of ribs. secondary scales on edges of ribs, especially 
on anterior edge. 
8. Pink, orange or purple colour morphs 8. Pink or purple colour morphs unknown; 


present, no dark speckles. often dark speckles. 
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Nomenclatural consequences of the new synonymy 


The name Cardium angulatum Lamarck, 1819, has 22 years priority over the name 
C. alternatum Sowerby, 1841. Should it replace it? 

Fischer-Piette (1977) listed 21 usages of the name a/ternatum between 1841 and 
1975, all of them in papers on taxonomy and lists of species, without any extensive 
literature on ecology, biology or anatomy; the species is not cultured, and not 
known as a host or intermediate host of parasites. 

By contrast the name angulatum has rarely been used in the last decades. 
Reinstating it as a valid name in place of alternatum will cause only a name change, 
and is not likely to create confusion. Furthermore the name angulatum is perfectly 
stabilised by two syntypes. 

I believe that stability of nomenclature is best served by adhering strictly to the 
law of priority, and consequently I will not apply to the International Commission 
on Zoological Nomenclature to have Lamarck's name rejected. I instead propose 
to use the name Acrosterigma angulatum (Lamarck) as typified by the type 
material referred to in the present paper. 
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ABSTRACT 


A new species of drilliine turrid is described in the genus Splendrillia from the 
Gulf of Carpentaria, Queensland, Australia. It is compared with S. aurora 
(Thiele, 1925) from Sumatra, Indonesia and two Australian turrids, 
“Crassispira” duplaris (Hedley, 1922) and Splendrillia eburnea (Hedley, 
1922). Additional information is provided on two species of Splendrillia, S. 
gratiosa (Sowerby, 1896) and S. bednalli (Sowerby, 1896). S. gratiosa is 
redescribed and compared with S. hansenae Wells, 1990. The known range of 
S. bednalli is extended to the south coast of Western Australia. 


INTRODUCTION 


Last year I (Wells, 1990) revised the Recent Australian species which had been 
placed in the turrid genera Splendrillia and Austrodrillia of the subfamily 
Drilliinae. Since the paper was published examination of unsorted specimens at the 
Australian Museum and material from the W. J. Paul collection in the National 
Museum of New Zealand has uncovered a new species of Splendrillia and provided 
additional information on two other species of the genus which should be recorded. 

The following abbreviations are used: AMS, Australian Museum, Sydney; 
NMNZ, National Museum of New Zealand; SAM, South Australian Museum. 


Subfamily Drilliinae Morrison, 1966 
Genus Splendrillia Hedley, 1922 
Splendrillia jarosae n. sp. 

Plate 1, Figures 1,2. 


Shell: Shell small, medium weight, narrow, high spire. Protoconch high, smooth, 
rounded, 2 whorls, 0.78 mm wide, 0.65 mm high. Suture narrow, slightly 
undulating. 6 teleoconch whorls. Distinct, rounded subsutural cord. Strong axial 
ribs extend over entire surface of whorl, low and angled to the left on the subsutural 
cord, larger on lower 2/3 of whorl, angled to right, 16 ribs on body whorl, 14 on 
penultimate whorl. Surface of ribs smooth, rounded. Whorl outline oftwo convex 
surfaces, lower larger. Ribs do not extend beyond shoulder of body whorl. Surface 
of body whorl behind lip swollen into varix. Outer lip thickened, stromboid notch 
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very faint. Sinus very deep, rounded, at 45° angle to shell, entrance almost sealed by 
strong callus. Columella broad, indistinct. Aperture subrectangular, deep. Shell 
truncated, anterior canal short, broad, deep. Anterior tip notched. Surface of shell 
glossy, uniform light pink, orange between ribs and in three faint spiral lines on 
body whorl, broad orange blotch on varix. 








Measurements: 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 

Holotype 8.9 3.4 3.6 0.38 0.40 





Location of type 

Holotype, AMS C. 165731. 
Type locality 

15 m, off Bountiful Islands, Gulf of Carpentaria, Queensland 16°41’S; 139°50’E. 
Remarks 

Splendrillia jarosae is known from a single dead collected specimen in excellent 
condition found in the Gulf of Carpentaria. The glossy, semitransparent shell 
which lacks spiral sculpture except on the rostrum at the anterior end of the shell, 
and indented axial ribs all are characteristic of Splendrillia. The new species is very 
close to S. aurora (Thiele, 1925) from Sumatra, Indonesia, which was subsequently 





2 


Plate 1. Figures 1-2. Splendrillia jarosae n. sp. Holotype, AMS C. 165731. Figure 3. Splendrillia 


gratiosa (Sowerby, 1896). NMNZ M.F.43133. Figure 4. Splendrillia bednalli (Sowerby, 
1896). NMNZ M.F.43095. 


Splendri!lia 65 


recorded from the South China Sea by Tsuchida (1983). Splendrillia jarosae may 
be separated from S. aurora by being slightly narrower, with more numerous but 
less pronounced axial ribs. 

The new species is also similar to “Crassispira” duplaris (Hedley, 1922) which 
was described from the same area. On examination S. jarosae can be distinguished 
from "C." duplaris on the following criteria: “С.” duplaris has a broader shell, 
larger, more pointed protoconch, more rounded teleoconch whorls, more pointed 
axial ribs, and stronger varix. In addition, the ribs of S. jarosae do not penetrate as 
far down the body whorl, and the spiral striae below the ribs are faint on S. jarosae 
but strong on “C.” duplaris. 

Splendrillia jarosae is also similar to S. eburnea (Hedley, 1922) from Victoria, 
but differs in being a more slender shell, with a narrower, more pointed 
protoconch, more distinct subsutural cord, broader ribs, and in having a varix, 
which is absent in S. eburnea. 


Etymology 
1 am pleased to name this species after Ms. Anna Jaros, who has been of 
considerable assistance on my turrid research project over the last two years. 


Splendrillia gratiosa (Sowerby, 1896) 
Plate |, Figure 3. 
Drillia gratiosa Sowerby, 1896: 25, pl. 3, fig. 1. 


In his original description Sowerby (1896) recorded having seen three specimens: 
*one adult (dead), one young (fresh) specimen, and a fragment". The dimensions of 
the species were given as 17.50 mm long and 6 mm wide. Two syntypes from the 
South Australian Museum (SAM D.13549) were available for the Splendrillia 
revision, a well worn adult and a fragment. My measurements ofthe adult were in 
close agreement with those of Sowerby (1896): 17.8 mm long and 6.1 mm wide. 
However the adult was too worn for identification, and I concluded that S. gratiosa 
was probably another species. 

An additional specimen, which appears to be a syntype, has now been located in 
the Australian Museum. It was collected and presented by Sir Joseph Verco, who 
made the specimens for the original description available to Sowerby. The possible 
syntype (AMS C.47975) was also from the type locality of St. Vincent Gulf, and 
measures 14.3 mm in length, being smaller than the largest syntype examined by 
Sowerby. Sowerby described the shell as: “A smooth shell, pink, with longitudinal 
red flames ...”. This colour pattern is absent in the adult specimen but present in the 
smaller shell, which now allows the species to be recognised. With the addition of 
the NMNZ material from the W. J. Paul collection, S. gratiosa can now be 
redescribed. 


Shell 

Shell medium length for genus, 18 mm, high spire, light weight. Protoconch 
smooth, globose, 2 whorls, 1.10 mm wide, 0.99 mm high; teleoconch of 8 whorls. 
Suture straight, distinct. Whorls slightly convex, with low, rounded subsutural 
cord. Upper whorls have low, broad, axial ribs but these do not reach body whorl. 
Very fine axial growth lines are present, but shell surface is smooth. Outer lip 
thickened, rounded, with small, but distinct stromboid notch. Sinus deep, U 
shaped, at 45° angle to shell, constricted by strong callus. Aperture rectangular, 
columella indistinct. Shell truncate, anterior canal short, broad, slight notch at tip. 
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Colour glossy pink, mouth of aperture slightly lighter, orangeish splotches between 
ribs, on subsutural cord and on body whorl. 








Measurements 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Syntype 
SAM D.13549 17.8 6.1 6.0 0.34 0.34 
possible syntype 
AMS C.47975 14.3 5.8 5.8 0.40 0.40 
18 m, off Port Lincoln (NMNZ M.F.43089) 
Mean (n=7) 16.6 6.0 6.0 0.36 0.36 
S. D. 4.6 0.3 0.2 0.02 0.01 





Location of types 

Syntypes, | specimen plus fragment. SAM D.13549. Possible syntype: 1 
specimen, AMS. C.47975. 
Type locality 

Gulf St. Vincent, South Australia: 


Other material examined 

SA: 18 m off Port Lincoln (NMNZ M.F.43089); Anxious Bay (NMNZ 
M.F.43172); Tumby Bay (NMNZ M.F. 43114); Coffin Bay (NMNZ M.F.43133). 
25 m, Great Australian Bight, 35°15’S; 137955'E (AM). TAS: 155 m, N of Port 
Davey, 43915'S; 145930.6'E (AMS). NSW: Clarence R. (AMS). 
Distribution 

Primarily known from Gulf St. Vincent to the Great Australian Bight, South 
Australia, but there is a single Tasmanian record and one record from New South 
Wales. 
Remarks 

The bright pink colour and smooth body whorl readily distinguish S. gratiosa 
from other southern Australian Splendrillia, except for the Western Australian S. 
hansenae Wells, 1990. S. hansenae can be distinguished from S. gratiosa by being 
larger (18 mm vs. 11 mm), with a higher protoconch (1.10 mm vs. 0.86 mm), 


distinct spiral cord, stronger axial ribs, and orangeish blotching which is absent in 
S. hansenae. 


Splendrillia bednalli (Sowerby, 1896) 
Plate 1, Figure 4. 


Drillia bednalli Sowerby, 1896: 25, pl. 3, fig. 3. 
The only material available of Splendrillia bednalli for the Splendrillia revision 


was the syntypes from Gulf St. Vincent, an additionallot from Gulf St. Vincent and 
one lot from 73 m, off Neptune I., S. A. 


Additional material available 

SA: 31 m, Marsden Point, Kangaroo I. (AMS E.5775); Cape Donnington 
(NMNZ M.F. 43093 and M.F.43095); Port Lincoln (NMNZ M.F.43085); 25 m, 
Great Australian Bight, S. A. 35915'S; 1370655'E (AMS). WA: 82 m, E of Hood 
Point, 34921'S; 121916'E (AMS); 77 m, Great Australian Bight, 35912'S; 118919'E 
(AMS); 73-77 m, S. of Wilson Inlet, 35912'S; 117900'E (AMS). 
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Distribution 

The present information extends the known range of S. bednalli from a limited 
area in the region of Gulf St. Vincent, South Australia west to Wilson Inlet, 
Western Australia. 
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Since 1976 the Muséum national d'Histoire naturelle and the French research 
agency ORSTOM have been conducting joint cruises for scientific research in the 
Pacific Ocean. Initially the cruises were undertaken in the Philippines but since 
1985 they have been done in New Caledonia and the surrounding area. Results of 
the research have been published in a variety of journals, but principally the 
"Résultats des Campagnes MUSORSTOM”. Relatively little molluscan research 
was included in the first six volumes of the MUSORSTOM series, but Volume 7 is 
a major publication which deals entirely with molluscs. The material discussed is all 
from the New Caledonian cruises, indicating that a major effort was made to sort 
the samples rapidly after they were collected and send them to experts in the 
various groups. Station depths range from 250 m to 3690 m, with most samples 
being from <1000 m. The paper by W. O. Cernohorsky also includes considerable 
shallow water material. 

The volume contains ten individual papers, all systematic and taxonomic, by 
recognized authorities in the groups being discussed. Eight of the papers are in 
English and two are in French; all have abstracts in the other language. Of the ten 
papers one is on chitons, one on bivalves and eight are on gastropods. The nature of 
the papers differs with the authors and the basic knowledge of the group under 
investigation. For example, Cernohorsky examines specimens of the family 
Nassariidae collected during the cruises. Most of the species are already well 
known, partly through the extensive revisions Cernohorsky has already published 
onthe group. Only a single species is new, but about 30% of the 33 species collected 
are range extensions. At the other extreme is a major paper by B. A. Marshall on 55 
species of the relatively less known family Seguenziidae. Fifty of the species are 
described as new and a new subfamily recognized. Overall, the volume presents a 
wealth of information on the systematics of molluscs of the western Pacific. New 
taxa include one family, one subfamily, five genera and an amazing 89 new species 
— nearly two-thirds of the total number of species which could be identified. In 
addition to the species level descriptions several of the papers discuss relationships 
of groups within a family or transfer genera from one family to another. 

The volume has been very well produced, both in the layout and printing. 
Headings are clear and the print is easy to read. In general, the quality of the 
photographs used is very high, and Drs. Crosnier and Bouchet are to be 
congratulated for their effective control of what was clearly a large task. This 
volume is a major addition to our knowledge of the molluscs of the deeper waters 
of the western Pacific Ocean and a must for the library of any mollusc worker 
interested in the marine molluscs of the region. 

The groups covered in Volume 7 must constitute only a small portion of the 
overall molluscan fauna collected. We can anticipate that the MUSORSTOM 
cruises will result in similar high quality publications on molluscs in future years. 


Fred E. Wells 
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ABSTRACT 


The Australian locality of Cancellaria exigua Smith is confirmed, and its 
holotype redescribed. The species mentioned under that name by Garrard 
(1975) is identified as C. patricia Thiele; this is the first mention of that species 
for Australia. /nglisella nympha Garrard is found to be a junior synonym of 
C. exigua. A damaged shell from New South Wales is identified as the third 
known specimen of Bonellitia scobina (Hedley & Petterd). 


INTRODUCTION 


Cancellaria exigua E. A. Smith, 1891, is a minute species described for a single 
empty shell taken by the ‘Challenger’ expedition off Sydney in about 740 m depth. 
However, there has been considerable uncertainty regarding the collection locality 
of this specimen. In the paper describing that species, Smith (1891: 436) stated: "at 
this station 164B in addition to the new species described were a number of others, 
and amongst these several undoubtedly Atlantic forms". Later (1894: 59) he 
repeated his doubts, also citing Watson's (*). The correct labeling of material from 
Challenger Station 164B was further disputed by Pilsbry and Sharp (1897: 122) and 
by Hedley (1901: 22). A search in the literature prior to 1975 did not yield any 
evidence of another specimen of C. exigua taken in Australian seas. Finlay's (1930: 
241) statement * Microsveltia recessa Iredale was compared with the Recent 
Cancellaria exigua Smith, with one plait...” is almost certainly a mere reference to 
Iredale’s paper (1925: 265). Laseron (1955: 271)even thought that this species 
should be removed from the list of New South Wales Cancellariidae. In fact, the 
large number of Atlantic species found in the material labeled ‘Station 164B’ 
suggested an Atlantic origin of this sample, and an incorrect labeling of a Central 
Atlantic sample was proposed (Hedley, 1901: 24); a mixup of it with Australian 
material was also possible. 

This problem seemed to be solved when Garrard (1975: 35), in his study of 
Australian Cancellariidae, mentioned a minute species "from deep to very deep 


созы ———————=— 

(*) This probably refers to a verbal statement by Watson, since I could not locate such statement in his 
p y 

"Challenger" reports. 
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water” off the East Australian coast, and identified it as Gergovia exigua (Smith, 
1891). Apparently, the Australian locality of this species was correct indeed. 

This question needed a final answer in the context of a study of the Eastern 
Atlantic Cancellariidae (Verhecken, in preparation), since C. exigua must be either 
Australian or Atlantic. Results obtained while working on this problem are given 
in the present paper. 


MATERIAL STUDIED 


Cancellaria exigua Smith, 1891. 

The exact identity of the material cited by Garrard (1975: 35) as Gergovia exigua 
(Smith) is difficult to ascertain from the paper, since his figure of it (1975: fig. 4[1]) 
can hardly be used for identification. Therefore, the material studied by Garrard 
was compared with the holotype of that species (BMNH 1889.10.12.16). This 
clearly showed that the shells are not conspecific (cfr. figs. 1-2 and 11). Differences 
are: (a) C. exiguais more slender than the Australian shells studied by Garrard, and 
has a much weaker sculpture; (b) form of columella and columellar folds is quite 
different. This means that Gergovia exigua (Smith) sensu Garrard cannot be 
identified with Cancellaria exigua Smith; consequently the Australian locality of 
Smith’s species is not confirmed here. 

Direct evidence of the real locality of the holotype of C. exigua could possibly be 
obtained from the study of the Foraminifera in the sediment contained in this 
shell’s aperture. The few specimens that could be isolated were identified by Dr. H. 
Hooyberghs (KUL) as the following pelagic Foraminifera, distributed in rather 
distinct latitudinal belts (Bé & Tolderlund, 1971: 106): Globorotalia crassaformis 
(Galloway and Wissler), a mesopelagic species in subtropical to tropical waters (Bé 
& Tolderund, 1971: 122); Globorotalia inflata (d’Orbigny), the only indigenous 
species of the Northern and Southern Transition Zone (Bé & Tolderund, 1971: 
119); Globigerina bulloides d'Orbigny, a dominant species in subarctic and 
subantarctic waters (Bé & Tolderund, 1971: 119); Globigerina pachyderma 
(Ehrenberg), the best indicator species of polar waters (Bé & Tolderund, 1971: 113); 
Globigerinoides quadrilobatus (d’Orbigny), which is univerally distributed from 
the Burdigalian (Miocene) on (Hooyberghs, in litt.); and Globoquadrina dutertrei 
(d’Orbigny), a subtropical to tropical species with its distributional limits located 
within the Transition Zones (Bé & Tolderund, 1971: 122). 

Because of the wide distribution (also north and south of the Equator) of these 
pelagic species, no final answer can be deducted from these data as to the locality of 
the holotype of C. exigua. They only suggest a locality in a North or South 
Transition Zone (cfr. Bé & Tolderund, 1971); both the North Atlantic and the 
South Pacific off Australia are candidates. 


Redescription of Cancellaria exigua Smith. 

The confusion of the southeastern Australian species with C. exigua indicates 
that Smith's description insufficiently characterises his taxon; therefore the 
holotype of C. exigua is here redescribed. 

Shell small, elongated; colour whitish; dimensions 5.9 x 3.1 mm. Protoconch 
paucispiral, with one smooth inflated whorl (counted according to Verduin, 1984: 
38 fig. 1), slightly deviated. Maximum diameter 0.9 mm, visible height 0.8 mm. 
Transition to teleoconch clearly marked. Teleoconch with 3 1/4 slightly rounded 
whorls, suture slightly impressed. Spiral sculpture of two thin low spiral ridges per 
whorl; the body whorl has three spirals. Area between suture and adapical spiral 
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very steep, almost unsculptured. Axial sculpture hardly discernible on first 
teleoconch whorl; 11 and 15 low narrow ribs on second and third whorl 
respectively. Tiny nodules are formed on crosspoints with spiral sculpture. 
Aperture semicircular, height 2.3 mm, width 1.4 mm. Outer lip smooth, not flared 
out; with no inner гае. Columella with one low rounded fold; rim of the columella 
curved as to form a relatively wide siphonal canal. Umbilicus completely closed. 


Inglisella nympha Garrard, 1975. 

Since the Australian species identified by Garrard as G. exigua (Smith) is 
definitely not the species introduced by Smith, and the Foraminifera identification 
did not allow a clear conclusion as to its locality, the Australian origin of Smith's 
holotype would seem still more doubtful now than it already was. However, 
Garrard (1975: 40) also described the new species /nglisella nympha from a depth 
of 860 m off Green Cape, New South Wales; his figure of the holotype (AM 
C.89280) has a very strong resemblance to Smith's figure of the holotype of C. 
exigua. Therefore, these holotypes were studied together, and proved to be 
conspecific beyond doubt (see figs. 1-3 and 4-6); the only minor difference being the 
slightly more pronounced sculpture of C. exigua. Garrard (1975: 40) states in his 
discussion that /. nympha has no axial ribbing; in his description he mentions 
“heavy growth lines, simulating narrow axial ribs", which he refers to as “pseudo 
‘ribs’. The distinction between the ‘ribs’ of C. exigua and the ‘pseudo-ribs’ of /. 
nympha is only a matter of gradation. 

This identification of /nglisella nympha Garrard, 1975, as a junior subjective 
synonym of Cancellaria exigua Smith does now confirm the Australian locality of 
the latter taxon. Evidently, there is the theoretical possibility that this species might 
occur both in the North Atlantic and off southeastern Australia. However, in my 
opinion this possibility can be excluded, taking into account the paucispiral 
protoconch of this species, indicating a direct development of its larvae without a 
planktonic stage. Moreover, C. exigua has never been reported from the Atlantic. 





Figures 1-3. Cancellaria exigua Smith. 1-2, holotype (BMNH 1889.10.12.16), 5.9 x 3.1 mm. 3, 
protoconch, diameter 0.90 mm. 
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Figures 4-7. /nglisella nympha Garrard. 4-5, holotype (AM No. C.89280), 6.7 x 3.5 mm. 6-7, 
protoconch, diameter 0.95 mm. 


Cancellaria patricia Thiele, 1925. 

Gergovia exigua (Smith) sensu Garrard is not the species described by Smith, 
consequently its real identity poses an additional problem. A literature search 
suggested that it is conspecific with Cancellaria patricia Thiele, 1925, a deep water 
species described from the Zanzibar Canal, 5° 27.9’ S, 39° 18.8’ E, 463 m. Thiele 
(1925: 200) mentioned 'several' shells, partly with the animal still inside . This 
material was received on loan from Zoologisches Museum der Humboldt- 
Universitat, Berlin, Germany ; it contained 30 specimens labeled “Typen 2 + 28 
Exemplare von 'Valdivia'-Stat. 245". То the best of my knowledge, this species was 
never cited again in the literature subsequent to its original description. Since 
Thiele did not designate a type and figured only one shell, the type labeling cannot 
be explained and is here disregarded. 

Unfortunately, the ‘Valdivia’ material arrived only after expiration of the loan 
period of the Australian material, so that a direct comparison of both lots was not 
possible. In spite of this, it could be established the Zanzibar Channel lot and the 
southeastern Australian lot are very near in form and sculpture. The following 
minor differences were found : (a) shell height: up to 4.7 mm for up to 3 3/4 
teleoconch whorls (syntypes) versus 7.2 mm for 4 teleoconch whorls (Australian 
shells); (b) the Australian specimens have a pointed sculpture less prominent than 
inthe African shells, they have on the basal part of the body-whorl up to four minor 
spiral ridges, whereas the African shells have only one ridge in that region (cfr. 
Thiele, 1925: pl. 34 fig. 20); (c) the protoconch of the syntypes is more inflated than 
that of the Australian specimens (figs. 9-10, 12-13); (d) the Australian specimens 
may have up to two minor spiral ridges on the sutural ramp of the third or fourth 
teleoconch whorl, and faintly indicated secondary spiral lines between the main 
spirals of that whorl. 

However, these differences are here considered of minor importance. They are 
probably only local variations between both distant localities, East Africa and 
southeastern Australia, or may be adaptations to a different bathymetry (see 
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Figures 8-13. Cancellaria patricia Thiele. 8, Syntype (ZMB, unnumbered shell), 4.3 x 2.6 mm, 
Zanzibar Channel, 463 m. 9-10, protoconch of same shell, diameter 0.63 mm. 11, 
specimen from 155 m, S.E. of Lakes Entrance, Victoria. ex T. A. Garrard coll. (AM C 
89272), 5.25 x 3.22 mm; 12-13, protoconch of same specimen, diameter 0.6 mm 
(SEM-photographs 8-10 were taken without any conductive coating on shell). 
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further). Moreover, beause of its small size and deep habitat, the species may have 
escaped observation in localities in between. Also, even if taken, the species may 
have remained unidentified and unreported, since the species was never mentioned 
in general malacological works. Therefore, І see no reason yet to separate both 
populations on subspecific level. Thiele's figure shows two columellar folds; these 
are indeed present on all specimens studied, but the posterior one may not always 
be clearly visible in the normal viewing position, e. g. fig. 11. 

On loan from AM, 43 specimens were studied. They conform well Garrard's 
description given for *Gergovia exigua (Smith); there may be up to four 
teleoconch whorls; shell dimensions up to 7.2 x 4.2 mm; the larger specimens may 
have six lirae inside the outer lip and a very narrow umbilicus. Australian 
distribution: (cfr. Garrard, 1975: 35) Queensland: 2 specs.; New South Wales: 13 
specs.; Victoria and Bass Strait, Tasmania: 29 specs. Bathymetric distribution of 
these specimens: 75-200 m: 37 specs.; 200-405 m: 4 specs.; 1463 m: 1 spec.; beach: | 
spec. (cfr. Garrard's note on this specimen). According to its depth distribution, this 
species seems to be a continental shelf inhabitant in southeastern Australia, the 
Zanzibar Channel lot living deeper (463 m). 

Itis remarkable that this taxon is not mentioned in the Australian literature prior 
to 1975, especially since three lots labeled “Т. Iredale coll.” are present in AM. The 
incorrect labeling as C. exigua Smith is no explanation: there were no unequivocal 
references to specimens under this name either, and Iredale’s (1925: 265) statement 
on Microsveltia recessa: *Near C. exigua Smith and C. micra Tate, but not 
identical with either" is no proof that he had before him a specimen of C. exigua, 
since he cites only data given by Smith. 

Microsveltia recessa Iredale, 1925, has a sculpture similar to that of C. patricia, 
but stronger (Garrard, 1975: 36). It has shouldered whorls, a bright chestnut brown 
colour and a fine bristly greenish-brown periostracum. In contrast, C. patricia is 
off-white, has flatly convex whorls, and only on a few of the 30 East African 


specimens a very thin almost colourless periostracum is present. M. recessa lives in 
the same area as C. exigua. 


Bonellitia scobina (Hedley and Petterd, 1906) 

Among the AM material studied of Cancellaria patricia, one specimen from a 
lot of two is clearly different from that species. The lot is labeled *C 102564; S.E. of 
Clarence River, NSW. 290 41-32’S; 1539 45-47’ E, 405 m, 10 Oct. 1975, coll. К. J. 
Graham, ЕВУ ‘Kapala’ ". This shell was here tentatively identified as Bonellitia 
scobina; the identification was later confirmed by Mr 1. Loch, AM (in litt., 26 Feb. 
1990). This taxon was stated to be known until now only from its holotype 
(Garrard, 1975: 34). It must be remarked however, that BMNH has a specimen 
from “Е. of New South Wales" labeled under that name; its identity has not been 
checked for this study. It appears that the AM shell reported here is the third 
known specimen of this species. Unfortunately, this shell (fig. 14) has a large hole of 
a quarter whorl on the ventral side of the body-whorl, apart from a bore-hole near 
the top, and it has the rim of the outer lip broken. 


General remarks 

The species cited in this paper have been placed in several genera: Cancellaria, 
Gergovia, Inglisella, Microsveltia, and Oamaruia Finlay, 1924 (on labels in AM.). 
The problem of the correct generic names for ‘Cancellaria’ exigua Smith, and 
‘Cancellaria’ patricia Thiele is not treated here: it is preferred to await a good study 
ofthe numerous cancellariid genera before making a judgement on this matter. For 
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Figure 14. Bonellitia scobina (Hedley & Petterd), third known specimen (AM C102564) 7.0 x 4.5 
mm, S.E. of Clarence River, NSW, 405 m. 


the time being, the use of Cancellarias. |. is here maintained, although inclusion of 
C. exigua in the genus Brocchinia Jousseaume, 1887, seems a reasonable choice. 

While studying the descriptions given by Garrard (1975) it should be 
remembered that the count of protoconch whorls used by that author differs from 
that by Verduin (1984) which is used here. 
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Redefinition of the genus Notoplax H. Adams, 1861, and 
recognition of the monotypic New Zealand genus Pseudotonicia 
Ashby, 1928 (Mollusca: Polyplacophora: Acanthochitonidae). 
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ABSTRACT 


The genus Notoplax is redefined, and the monotypic genus Pseudotonicia, 
endemic to New Zealand, which was previously considered a synonym of 
Notoplax, is recognised as a distinct genus and defined. The sole member of 
this genus, P. cuneata, is reviewed and redescribed, and its habitat given. 
Similarities between Pseudotonicia and the Australian genus Bassethullia are 
discussed. 


INTRODUCTION 


Notoplax was erected by Н. Adams (1861) as a subgenus of Cryptoplax Blainville, 
1818 and its status has varied from a full genus (e.g. Dall, 1882; Iredale and Hull, 
1925, 1927) to a synonym of Craspedochiton Shuttleworth, 1853 (Smith, 1960). 
The genus Pseudotonicia was erected by Ashby (1928) to contain the single species 
Tonicia cuneata Suter, 1908. Pseudotonicia was given full generic rank by Ashby 
(1928) and Bucknill (1928), but was synonymised with Notoplax by Iredale & Hull 
(1931), an action followed by Powell (1937, 1957) and Dell (1951). Smith's (1960) 
classification of the Acanthochitonidae synonymised all genera with five or more 
slits in the posterior valve insertion plate under Craspedochiton, except 
Cryptoconchus Burrow, 1815 and Cryptochiton Middendorff, 1847, which he 
recognised as distinct genera. Van Belle (1978) separated Notoplax from 
Craspedochiton, and placed the other groups previously synonymised by Smith 
(1960) with Craspedochiton, under either Notoplax or Craspedochiton, the main 
criteria for separation being the length of the posterior valve insertion plate and 
teeth: long in Notoplax and short in Craspedochiton, with Pseudotonicia being 
included under Notoplax. This classification was followed by Powell (1979), Kaas 
and Van Belle(1980) and Van Belle (1983). Bassethullia Pilsbry, 1928, regarded by 
Van Belle (1978, 1983) and Kaas and Van Belle (1980) as a subgenus of Notoplax, 
was separated by Gowlett-Holmes (1990) as a distinct genus. Notoplax and 
Craspedochiton (sensu Van Belle, 1983) contain many species, mainly poorly 
known, from the temperate and tropical Pacific, Indian and Southern Oceans, and 
the Red Sea area (Kaas and Van Belle, 1980). 

Here, the genus Notoplax is redefined and restricted, based on examinations of 
its members. The genus Pseudotonicia is re-evaluated and defined as a distinct 
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genus, based on a detailed examination of its sole member, P. cuneata, which is 
endemic to New Zealand. The similarities, both in appearance and habitat, 
between P. cuneata and the members of the endemic southern Australian genus 
Bassethullia Pilsbry, 1928 are discussed. 


MATERIALS AND METHODS 


All available material from the Australian Museum, Sydney (AM), Museum of 
Victoria, Melbourne (MV), Queensland Museum, Brisbane (QM), South 
Australian Museum, Adelaide (SAM), Tasmanian Museum and Art Gallery, 
Hobart (TM), Western Australian Museum, Perth (WA M), the National Museum 
of New Zealand, Wellington (NMNZ), the New Zealand Geological Survey, 
Lower Hutt (NZGS), the Auckland Institute and Museum (AIM), and type 
material from the Academy of Natural Sciences of Philadelphia (ANSP) and the 
British Museum (Natural History), London (BMNH) has been examined. 
Radulae were prepared for examination under the scanning electron microscope 
(SEM) after the method of Bandel (1984). The species description of P. cuneata is 
based on the type and other available material. Colour descriptions follow 
Kornerup and Wanscher (1978). 


FAMILY ACANTHOCHITONIDAE PILSBRY, 1893 
Genus Notoplax H. ADAMS, 1861 


Notoplax H. Adams, 1861, p. 385. Type-species: Cryptoplax (Notoplax) speciosa 
H. Adams, 1861, by monotypy. 


Macandrellus (Carpenter MS) Dall, 1879, p. 299. Type-species: Acanthochites 
costatus H. Adams & Angas, 1864, by original designation. 


Eoplax Ashby & Cotton, 1936, p. 520. Type-species: Acanthochiton (Eoplax) 
adelaidae Ashby & Cotton, 1936, by original designation. 
Diagnosis 

Medium to large chitons (Figs 1,2); tegmentum reduced; jugum well defined, 
narrow, smooth; lateral and pleural areas with similar sculpture of pustules of 
different forms; articulamentum large; insertion plates large on all valves, with 
relatively short slits; slits 5/ 1/3-10 without sinus; girdle large, thick, very fleshy, 
densely spiculose, completely (rarely almost completely) encroaching between 
valves, sutural tufts always present, but usually not prominent; gills merobranchial. 
Remarks 

This taxon is given full generic rank here, and restricted in definition from the 
broad sense it was used in by Van Belle(1978, 1983) and Kaas and Van Belle (1980). 
Van Belle (1983) recognised three subgenera within Notoplax; Bassethullia, which 
was shown to be a distinct genus by Gowlett-Holmes (1990); Spongiochiton Dall, 
1882, which examination of the type species has shown to be a synonym of 
Craspedochiton; and the nominate subgenus Notoplax, under which a number of 
other groups were synonymised. After examination of the type species of these 
groups, as well as Australian and New Zealand species which would be classified in 
Notoplax sensu Van Belle (1983), it became apparent that this classification was an 
artificial lumping of several distinct groups that should be recognised as separate. 
The exact status of some of these groups must await more detailed examination of 


Notoplax and Pseudotonicia 


Figure 1. Notoplax speciosa (MV F52815). A. whole specimen, x 2; B. detail of girdle showing 
sutural tuft, x 27. 
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species unavailable to the present study. However, Notoplax s.s., as defined above, 
can be consistently distinguished from the other groups by its very large insertion 
plates with short slits on all valves, the smooth, well defined, narrow jugum, and the 
very large, thick, fleshy, spiculose girdle which is usually completely encroaching 
between the valves. I believe these characters are significant at the generic level, and 
warrant the recognition of Notoplax s.s. as defined, as a distinct genus in the family 
Acanthochitonidae. 

Macandrellus Dall, 1879 is retained as a synonym of Notoplax s.s., as the 
characters of the type species, Acanthochites costatus H. Adams & Angas, 1864, 
are all within the range of characters of Notoplax s.s. as defined above. 

Eoplax Ashby & Cotton, 1936 is included here as a synonym of Notoplax s.s. 
Eoplax was erected by Ashby and Cotton (1936) as a subgenus of Acanthochiton. 
Cotton and Godfrey (1940) elevated Eoplax to full generic rank, which was 
followed by Cotton and Weeding (1941) and Cotton (1964). Cotton and Weeding 
(1941) regarded Eoplax as "the fossil equivalent to the living Notoplax s.s.". Van 
Belle (1983) synonymised Eoplax with Acanthochitona, but after examining the 
holotype (SAM P10159) and only known specimen of the type species, 
Acanthochiton (Eoplax) adelaidae Ashby & Cotton, 1936, which is inan excellent 
state of preservation, I believe this. species belongs in Notoplax because of its 
reduced tegmentum, smooth, narrow jugum, the pustulose sculpture of the 
lateropleural areas, and very large insertion plates, and that Eop/ax is a junior 
synonym of Notoplax s.s. 

An examination of species previously placed in Notoplax s.l. by Kaas and Van 
Belle (1980), revealed that only species from Australia and New Zealand could be 
included in Notoplax s.s., and this genus appears to be restricted to this region. 





Figure 2. Notoplax speciosa (MV F52814). A. posterior valve; B. median valve; C. anterior valve; 
D. posterior valve (lateral profile); E. median valve (posterior profile); scale bar = 2 mm. 
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Genus Pseudotonicia Ashby, 1928 


Pseudotonicia Ashby, 1928, p. 392. Type-species: Tonicia cuneata Suter, 1908, by 
original designation. 
Diagnosis 

Medium chitons; tegmentum somewhat reduced; jugum smooth, poorly 
differentiated; lateral and pleural areas sculpture of grooves and triangular pits; 
insertion plates large, slits 1/ 7-1/3 width of insertion plates; slit formula 4-5/1/7-10 
without sinus; girdle large, microscopically spiculose; partially encroaching 
between valves; sutural tufts present, but very small and inconspicuous; gills 
merobranchial. 


Remarks 

This group is given full generic rank here. Pseudotonicia differs consistently 
from Notoplax s.s. as defined above, in several important characteristics. In 
Pseudotonicia, the sculpture of the lateral and pleural areas, when present, is of 
grooves and triangular pits, whereas in Notoplax, these areas are strongly 
sculptured with pustules. Also, the jugum is poorly defined in Pseudotonicia, as 
compared with Notoplax. The girdle in Pseudotonicia, although large, is not as 
thick as in Notoplax, it is also much more finely spiculose, and only partially 
encroaches between the valves. I believe these characters are significant at the 
generic level and warrant the recognition of Pseudotonicia as a full genus in the 
family Acanthochitonidae. 

Pseudotonicia superficially resembles Bassethullia, but can be easily 
distinguished by the form of the sculpture of the lateral and pleural areas, which is 
grooves and triangular pits in the former, and ridges and grooves, often with 
pustules, in the latter. The girdle in Pseudotonicia is also much larger than that in 
Bassethullia. These two genera are the only ones recorded for the 
Acanthochitonidae in which the sculpture of the lateral and pleural areas includes 
grooves. 


Pseudotonicia cuneata (Suter, 1908) 
Figs 3-7. 
Tonicia cuneata Suter, 1908, p. 360, pl. 28, figs 1, 2; Ashby, 1926, p. 31. 
Notoplax cuneata (Suter): Suter, 1913, p. 42, pl. 5, fig. 1; Powell, 1937, p. 93; Dell, 


1951, p.8; Powell, 1957, p. 124; Beu, 1967, p. 479: Powell, 1979, p. 30, pl. 5, fig. 10; 
Kaas & Van Belle, 1980, p. 35. 


Craspedochiton cuneatus (Suter): Iredale, 1914, p. 130; Iredale, 1915, p. 422, 425. 


Pseudotonicia cuneata (Suter): Ashby, 1928, p. 393; Bucknill, 1928, p. 627; Ashby, 
1929, p. 377. 


Acanthochitona (Notoplax) cuneata (Suter): Beu, 1977, p. 48, 51. 


Material examined 

Type: Lectotype (NZGS TM1234) from Bay of Islands, North Island, New 
Zealand, collected by J.C. Anderson (selected by Boreham, 1959, p. 73, see 
remarks below). 


Other material: North Island: BS871, 34949.6'S; 173°15.0’E, off Rangaunu Bay, 
23 m (1, SAM D18608); Matai Bay, Karikari Peninsula, 8-10 m (13, SAM 
D18607); BS221, Bay of Islands, 6-8 m (1, NMNZ M.95116); BS448, 35913.9'S; 
174915.5'E, Rawhiti Channel, Bay of Islands, 3-5 m (1, NMNZ M.95158); Leigh, 
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Whangateau Harbour (7, NMNZ M.8784-5, M.95180); Mount Maunganui, 
Tauranga Harbour (83, SAM D11050, D11110, D18604-5, D18609, D18628-30: 2), 
AM С156953; 9, NMNZ M.1588, M.3611, M.70249, M.92445, М.95087, 
М.95176; 7, AIM); В5738, 37940.3'S; 176022.7'Е, off Motiti Island, 20 т (1, 
NMNZ М.95133): Lottin Point, 3-8 т, (2, SAM D18606); BS770, 37933.4'S; 
178°48.3’E, Ranfurly Bank, East Cape, 106-103 m (1, NMNZ M.95137); BS679, 
37035.6-8'S; 178952.3-7’E, Ranfurly Bank, East Cape, 49 m (2, NMNZ M.65468); 
BS923, 37937.8’S; 178952.4'E, Ranfurly Bank, East Cape, 50-72 m (1, NMNZ 
M.95187); Days Bay, Wellington (1, NMNZ M.95072); Plimmerton (1, NMNZ 
M.95066); Onepoto Point, Kapiti Island (1, NMNZ М.95081); BS490, 39957'S: 
174?34'E, off Waitotara River mouth, 33-35 m (2, NMNZ M.50478, M.95140); 
Stephens Island, Cook Strait (1, NMNZ M.3612). South Island: Tahuna Beach, 


Nelson (8, NMNZ M.5376, M.94918); Separation Point, Nelson (1, NMNZ 
M.36950). 


Species description 

Medium to large chiton to 60 mm (Fig. 4A). Carinated, low elevation (Fig. 7D); 
tegmentum about 45-50% of articulamentum. Tegmentum with numerous 
random aesthetes (Fig. 6A). Tegmentum colour very variable, base colour of pale 
yellowish white to greyish yellow to greyish rose to pink, with speckles, stripes and 
streaks of reddish brown, brown, olive brown, dark green or black, occasionally 
with large blotches of reddish brown (Fig. 5). Articulamentum white to pinkish 
white to pale greyish green, with greyish rose to dull green under the tegmentum. 
Slit formula 4-5/1/7-10. Girdle colour very variable, base colour of pale yellowish 
white to greyish yellow-orange to greyish rose-ruby to yellowish brown to light to 
medium grey to olive grey to olive brown to reddish brown, usually blotched, 


streaked and speckled with these colours plus brown, dark green and black. 
Sutural tufts microscopic, white. 





Figure 3.  Pseudotonicia cuneata (SAM 018604). Individual free-living in sand, covering sand 
removed, | m water depth, Mount Maunganui, North Island, New Zealand, Sept. 1988. 
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Figure 4. Pseudotonicia cuneata (SAM 018604). A. dorsal view, x 3; B. ventral view, x 3. 
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Figure 5. Pseudotonicia cuneata (SAM D18604). Range showing variation in pattern, x 0.9 (note: 
lines and textures on girdles are preservation artifacts). 
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Figure 6. Pseudotonicia cuneata (SAM 018604). A. detail of tegmentum surface showing 
aesthetes, scale bar = 100 um; В. radula, scale bar = 10 um; detail of girdle showing sutural 
tuft (circled), x 28. 


Anterior valve (Fig. 7A) smooth except for slight irregular growth lines, 
sometimes with small, random, triangular pits; 5 very weak radial ribs. Slits 4-5, 
usually 5, 1/5-1/3 width of insertion plate, in shallow groove to edge of tegmentum. 
Median valves (Fig. 7B) beaked, posterior edge concave. Jugum smooth, 
triangular in shape, usually poorly defined, about 1/2 width of tegmentum; 
toothed near beak, teeth in form of longitudinal grooves. Lateral and pleural areas 
only sometimes differentiated by a very weak diagonal rib; smooth, usually with 
few, random, triangular pits, sometimes the pits coalescing to form longitudinal 
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grooves that are zigzag on one side, occasionally with extensive sculpture of 
triangular pits and pustules. Slit 1, 1/7-1/3 width of insertion plate, in deep, often 
narrow groove 1/2-3/4 way to edge of tegmentum, sometimes infilled with ridge 
rest of way. Posterior valve(Figs 7C, 7E) with tegmentum longer than wide; jugum 
and antemucronal areas like median valves; mucro smooth, in posterior 1/5 of 
tegmentum; postmucronal slope steep, concave, often sculptured with many 
triangular pits and pustules. Slits 7-10, irregular, 1/5-1/3 width of insertion plate, in 
deep grooves usually to edge of tegmentum, insertion plate often deeply incised in 
area of slit grooves. 

Girdle (Fig. 4A) broad but not overly fleshy, densely spiculose with numerous 
microscopic (40-55 um long), coloured, straight to very slightly curved spicules, 
broad at base (10 um wide) and tapering to sharp point. Sutural tufts (Fig. 6C) very 
small, consisting of a few, much longer, clear, very slightly curved, sharp-tipped 
spicules (190-250 um long, 15 um wide). 

Gills (Fig. 4B) merobranchial, abanal, 20-25 ctenidia on each side, tapering large 
to small anteriorly. 

Radula (Fig. 6B) with elongate, rectangular, slightly concave central teeth, apical 
edge of head slightly irregular; first lateral teeth narrow basally, with broad, 
rounded heads folded around base of central teeth; major lateral teeth elongate, 
narrow basally, with wide, tricuspidate heads, central cusp longest. 





Figure 7. Pseudotonicia cuneata (SAM D18630). A. anterior valve; B. median valve; C. posterior 


valve; D. median valve (posterior profile); E. posterior valve (lateral profile); scale bar = 2 
mm. 


Habitat 


On rock, cobbles, pebbles, shells and fragments in fine to medium, often silty and 
poorly sorted, sands; rarely free-living in silty, poorly sorted sands; in sandy areas 
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and pockets on reefs in low to medium energy areas (Fig. 3). Intertidal to at least 
106 m depth. 


Distribution 
New Zealand, all of North Island coast and adjacent waters, to north coast of 
South Island, not recorded from the Three Kings Islands. 


Remarks | 

This species was considered very rare (Suter, 1908, 1913; Iredale, 1915; Ashby, 
1926, 1928; Bucknill, 1928), and later regarded as uncommon (Beu, 1967; Powell, 
1979), but is now known to be locally abundant (Beu, 1977). This was because the 
habitat of this species is rarely examined for chitons, so its true abundance was not 
realised until long after its initial discovery. The habit of living on rock, pebbles and 
shells in sand, often on fragments smaller than the size of the animal, and 
sometimes freeliving in sand, is considered very rare among the Polyplacophora, 
but as this habitat is rarely examined for chitons, it may contain more species than 
is currently realised. 

P. cuneata resembles members of the southern Australian genus Bassethullia, in 
both appearance and habitat, although the differences are sufficient to warrant 
separation at the generic level (see remarks under Pseudotonicia). The habitat of P. 
cuneata is very similar to that of the members of Bassethullia (see Gowlett-Holmes, 
1990), so the similarities between the two groups may be attributable to convergent 
evolution towards a similar habitat rather than common ancestry. 

Boreham (1959) selected a lectotype (NZGS ТМ 1234), an incomplete specimen, 
and a paralectotype (NZGS TM1235), three disarticulated valves, for this species 
from Suter's (1908) original material. However, after examining this type material, 
it was found that the three valves are from the incomplete specimen. As a single 
specimen cannot be split into a lectotype and a paralectotype, the material actually 
represents only a lectotype, and the two previous lots are now combined in one lot 
(NZGS TM1234). 

A seven-valved specimen of P. cuneata (SAM D18605) was collected at Mount 
Maunganui, North Island, in Sept. 1988 by the author and Mr N. Holmes. This 
specimen shows no abnormality other than the lack of a median valve, so the 
missing valve is probably a genetic fault. 
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PROCEEDINGS OF THE FIRST INTERNATIONAL 
CHITON SYMPOSIUM 


A small meeting of chiton workers was held in conjunction with the annual 
American Malacological Union meeting which was held in Key West, Florida 
several years ago. Asan outgrowth of the Key West meeting it was decided to hold 
a symposium related specifically to the biology of chitons. Thus, the First 
International Chiton Symposium was held at the South Australian Museum in 
Adelaide from | to 6 December 1991. Chiton workers are few in number 
worldwide, so the symposium was always going to be small. This has the advantage 
of allowing every participant the chance to attend all of the activities and meet all of 
the other delegates. There were 24 participants at the meeting, 11 from overseas. 
With the papers read from several scientists who could not attend in person, there 
was a wide participation among chiton workers. 


A total of 22 papers was presented either verbally or through posters. These 
covered the entire range of chiton biology and were arranged into sessions dealing 
with paleontology, ecology, biogeography and systematics, physiology and 
structure, and museum collections. There was ample time for discussion of the 
papers, which enabled the participants to explore many of the aspects in detail. 
Pre-symposium field trips were held to local fossil beds and the post-symposium 
field work was in marine environments. 


The South Australian Museum is one of the oldest in Australia, and has an 
extensive collection of historically important molluscan types. Among these are a 
number of chitons. In recent years there has been an emphasis on building up a 
collection of preserved material, and the general collection is in an excellent state, 
housed in a new building. The collections were open to the participants, and there 
was time to examine both preserved and living chitons. This could be done in 
conjunction with a colleague from a very different part of the world, allowing an 
excellent opportunity for the exchange of observations. 


Ms. K. L. Gowlett-Holmes, the collections manager of the Dept. of Marine 
Invertebrates at the Museum, was the driving force behind the Symposium and its 
success was a result of her enthusiasm and organizational ability — she did an 
excellent job! Karen was ably helped by the Curator of Marine Invertebrates, Mr. 
Wolfgang Zeidler. The Malacological Society of South Australia generously 
hosted an evening barbecue, featuring kangaroo meat, on the first evening, and 
helped out throughout the conference. Mr. and Mrs. Curnow were very diligent in 
helping with an endless stream of questions and chores during the meeting. With 
the work these people and others put into the symposium, the First International 
Chiton Symposium was an unqualified success. As a result of this, a second 
symposium will be held within a few years, though the date and venue have not yet 
been decided. 
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Aesthete channel morphology in three species of Australian 
chitons (Mollusca: Polyplacophora) 


David R. Currie 
Marine Science Laboratories, P.O. Box 114, Queenscliff, Victoria 3225, Australia 


ABSTRACT 


Light and scanning electron microscopy are used to investigate the internal 
structure of the shell valves of /schnochiton (Ischnoradsia) australis, 
Acanthopleura gaimardi and Cryptoplax mystica. The shell in all species is 
comprised of four layers (periostracum, tegmentum, articulamentum, and 
hypostracum), and is perforated in specific areas by one of three classes of 
megalaesthete (jugal, slit-ray, and multiple branch). All classes consists of a 
number of micraesthete channels emanating from the distal region of a single 
aesthete channel, but differ according to the extent of canal branching. Both 
aesthete and micraesthete structures terminate at the shell surface in conical 
caps, while ventrally, a narrow canal extends towards the mantle interface. 
The gross structural arrangement is probably typical of all chiton species. A 
possible differentiation of aesthete function between the three types of 
megalaesthete is discounted in respect of ultrastructural similarities. 


INTRODUCTION 


Early studies of shell valve structure in chitons have been limited to the 
histochemistry of the periostracum and light microscopy (Knorre, 1925; 
Bergenhayn, 1930; Beedham and Trueman 1967). More recent investigations have 
employed scanning electron microscopy (Boyle, 1976; Fischer and Renner, 1979, 
Fischer, 1988; Currie, 1989) to examine sculpturing of the shell valve surfaces, but 
with the exception of Baxter and Jones (1981, 1984) the association of aesthetes 
with the valve layers has received little attention. 

All chitons examined to date possess some form of aesthete structure, yet the 
functional significance of this ubiquitous organ is unresolved. The paucity of 
information on aesthete morphology and distribution in a range of chiton 
species/families, and indeed habitat, clearly remains a hindrance to our 
understanding of aesthete function and evolution. To this end, the present study 
provides comparative observations on the arrangement of aesthete ducts found 
within the shell valve of three chiton species from quite different habitats, 
representing three families in two suborders of the Polyplacophora (Kass and Van 
Belle, 1980): Jschnochiton (Ischnoradsia) australis (Sowerby, 1840) 
(Ischnochitonidae); Cryptoplax mystica Iredale & Hull, 1925 (Cryptoplacidae); 
and Acanthopleura gaimardi (De Blainville, 1825) (Chitonidae). All species are 
common inhabitants of the intertidal zone on the New South Wales coast, the two 
former species being largely confined to the bottom of the littoral zone in sheltered 
areas, and the latter being restricted to open surfaces on exposed headlands. 
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MATERIALS AND METHODS 


Animals were collected from rocks in the intertidal region at Arrawarra (30° 10'S, 
153°20’E), onthe mid-north coast of New South Wales. Shell valves were dissected 
from specimens narcotized in 10% MgCl .6H,O in sea water, before being fixed in 
7% formaldehyde solution in sea-water. Material to be used for light microscopy 
was washed in distilled water and then treated with a 5% solution of disodium 
ethylenediaminetetraacetic acid (EDTA) for a minimum of 48 hours or until 
decalcification of the valves was complete. Whole valves or sections of the 
decalcified material were then washed in distiled water prior to being mounted on 
glass slides and examined using phase contrast on a Kyowa microscope. In 
addition, decalcified valves were infiltrated and embedded in Paraplast wax before 
being transversely sectioned at 9um and mounted on glass slides. These slides were 
stained in Masson’s triple stain before being examined on a Kyowa microscope 
using bright-field illumination. 

The internal arrangement of aesthete channels and their relationship to the shell 
valve layers was investigated by examination of surfaces exposed by fractures. 
After washing in distilled water the valves were ultrasonically cleaned and air-dried 
or dehydrated in an alcohol series. A number of valves were, in addition, treated 
with a 5% solution of KOH for 24 hours to remove surface organic material 
(Baxter and Jones, 1984). Pieces of valve were subsequently mounted with 
colloidal copper on aluminium stubs, sputter-coated with gold, and the fractured 
surfaces examined at an accelerating voltage of 20 КУ ona JEOL JS M35 scanning 
electron microscope. 

The valve nomenclature used in this study is that defined by Baxter and Jones 
(1984). 


RESULTS 


Examination of the valves of all three chiton species reveals a common structural 
organization comprising four separate shell layers (Fig. 1). The lowest layer, the 
hypostracum, is nacreous-like and consists of a thin layer of tabular crystals 


< Figures 1-6. 1. Transverse section of an intermediate valve of /. (1.) australis showing four separate 
shell layers; periostracum (Pe), tegmentum (T) penetrated by numerous aesthete 
channels, articulamentum (A), and hypostracum (H). 2. Transverse fracture of an 
intermediate valve of C. mystica showing the articulamentum (A) extending below the 
tegmentum interface (T), just ventral to the main channels (Ch), to form a sutural 
lamina (81). 3. Lower region of the tegmentum exposed by a transverse fracture 
showing exposed megalaesthete chambers (MeC), and the arrangement of rod-like 
elements that comprise the laminar crystal structures (Lc). 4. Upper region of the 
tegmentum exposed by a transverse fracture showing two megalaesthete chambers 
(MeC) with associated aesthete (AeC) and micraesthete (M) channels passing towards 
the shell surface. Note the variation in tegmentum construction, with granular crystals 
(Gc) occurring below the shell surface and dorsal to the lamellar crystal structures 
(Lc). 5. Dorsal view of a shell valve fouled with diatoms and filamentous algae, 
showing the periostracum layer (Pe) which covers the entire dorsal sculpture where 
uneroded. Apical (Ac) and subsidiary caps (Sc) are normally visible through the 
periostracum. 6. Transverse fracture of a damaged intermediate valve of A. gaimardi 
showing a periostracum-like material (Pe) within the exposed aesthete cavities which 
penetrate the tegmentum (T). Scale bars in micrometers. 
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arranged in laminae. This layer covers the ventral surface of all valves and extends 
dorsally to overlay the insertion plates and sutural laminae. In C. mystica the 
lamellar structure of the hypostracum is interrupted in the posterior lateral fields of 
the ventral surface by toriod crystals (Currie, 1989). The overlaying layer or 
articulamentum consists of tablet-shaped crystals arranged in a cross lamellar 
configuration. Lateral projections of the articulamentum (insertion plates) serve to 
maintain the valves in the surrounding girdle. The insertion plates on all eight 
valves of I. (1.) australis, and the six intermediate valves of A. gaimardi, are divided 
by slit rays of radiating pores in the articulamentum which emanate ventrally from 
the apices of the valves and terminate at the margins of the insertion plates. C. 
mystica possess no such slit rays although the articulamentum of valves I-VIII is 
perforated throughout the jugal area. Anteriorly the articulamentum of the second 
and subsequent valves, in all three species, shows two further projections or sutural 
laminae. These structures extend beyond the anterior border of the other major 
shell valve layer, the tegmentum (Fig. 2), and underlie the next anterior valve 
serving to anchor the valves together. The tegmentum is the dorsally visible part of 
the shell which exhibits an ornate sculpture of ridges and raised papillae. Like the 
articulamentum, the tegmentum is composed of numerous parallel rod-like 
elements which are arranged in blocks and aligned ina cross lamellar fashion (Fig. 
3). Dorsally the rod-like elements are replaced by aggregates of small fine-grained 
structures (Fig. 4). Aesthete channels of varying dimensions pass obliquely through 
the tegmentum. These channels originate below small (4 to 14 um diameter) conical 
structures termed apical and subsidiary caps (see Currie, 1989 for a full account of 
cap distributions on the valves of all three species examined in this study). The 
channels may extend laterally through the tegmentum terminating as perforations 
in the eave tissue, or at specific sites may pass ventrally through the articulamentum 
to terminate as slit rays or jugal openings. A thin organic membrane, the 
periostracum or fourth shell layer, covers the entire dorsal surface of the 
tegmentum (Fig. 5). This layer is often absent from the valve surface of older 
animals due to natural erosion or weathering of the shell surface, although in some 


<q Figures 7-12. 7. Shell fracture showing the main channel of a multiple branch aesthete channel 
(Mbo) extending from the lower region of the eave tissue (Ev), adjacent to the sutural 
lammina (SI), and passing horizontally through the tegmentum (T) just dorsal to the 
articulamentum (A). Megalaesthete cavities (MeC) are produced at regular intervals 
along the entire length of the main channel. 8. Dorsal view of a decalcified valve 
showing aesthete and micraesthete channels (M) extending upwards from the 
megalaesthetes to terminate at the shell surface in apical (Ap) and subsidiary caps 
(Sc). 9. Transverse fracture between the insertion plates (Ip) of an intermediate valve 
showing the lower regions of slit ray channels (Src) passing obliquely upwards from 
the holes which penetrate the ventral surface. Note also an ocellus cavity (Oc) on the 
dorsal surface. 10. Dorsal view of a decalcified valve showing secondary branches 
(2°) from slit ray channels forming rows of megalaesthete structures (Me) just below 
the shell surface. 11. Transverse fracture in the jugal region of a intermediate valve 
showing unbranched jugal channels (Jc) passing vertically from the ventral surface 
through the articulamentum (A). 12. Dorsal view of a decalcified valve showing 
unbranched aesthete channels (AeC) passing upwards through the shell layers and 
terminating at the valve surface in apical caps (Ac). Scale bars in micrometers. 


8 D.R. Currie 


valves where the tegmentum has been seriously damaged, a periostracum-like 
material has been found lining the aesthete channels (Fig. 6). 

The aesthete channels which penetrate the various shell valve layers of 
Lepidochitona cinereus (L.) have been classified as multiple branch, slit ray, and 
jugal, according to the point of entry into the valve and the extent of branching of 
the channel (Baxter and Jones, 1981). For comparitive reasons the Baxter and 
Jones classification system is reiterated here: 

Multiple branch channels originate from the lower rows of holes perforating the 
eave tissue (Fig. 7). The channels pass horizontally through the tegmentum and 
branch repeatedly at regular intervals. The branches, in turn, pass diagonally 
upwards to form bulb-shaped megalaesthete cavities, which terminate at the shell 
surface in apical caps (Fig. 8). Micraesthete channels are produced along the length 
and circumference of the megalaesthete cavities. These short ducts radiate towards 
the shell surface and terminate at subsidiary caps. 

Slit ray channels emanate from the rows of slit ray holes which perforate the 
ventral surface, and in addition, from the holes in the eave tissue between the slits of 
the insertion plates (Fig. 9). These channels pass obliquely upwards, away from the 
valve margin, and in line with the slit rays. Each channel gives rise to two lateral 
branches in the tegmentum, upon which up to four separate secondary branches 
may be produced, each developing to form a single megalaesthete complex (Fig. 
10). 

Jugalarea channels originate from the holes which perforate the ventral surface 
of the jugal area of the intermediate and tail valves. Each hole in the hypostracum 
gives rise to a single unbranched aesthete channel (Fig. 11), which passes vertically 
through the shell layers to form a single megalaesthete chamber in the tegmentum 
(Fig. 12). 

The distribution of aesthete channels on the head, intermediate, and tail valves of 
all three species is summarized in Fig. 13, and qualified below: 


Ischnochiton (I.) australis 


Multiple branch channels are found in all valves of Z. (7.) australis. These consist of 
long primary ducts which pass horizontally through the tegmentum and give rise to 
upwardly directed branches at approximately 130um intervals. Primary channels 
originating from holes in theanterior edge ofthe valve pass through the tegmentum 
in a posterior direction, whereas those from holes on the lateral edges pass 
diagonally towards the apex of the valves. In the posterior valve, channels 
emanating from the lateral and posterior edges pass towards the mucro. 

Slit ray channels intersect much of the valve area comprising multiple branch 
channels. These slit ray channels produces up to eight megalaesthete structures, 
arranged at the shell surface as parallel rows of apical caps. 

Each of the numerous holes which perforate the triangular region of the ventral 
surface between the sutural lamina and the apex (in all intermediate valves), or 
mucro (in posterior valves), represents the entry point a single unbranched aesthete 
channel. This is confirmed by comparison of the ventral jugal hole density on 


intermediate valves (312 holes/ mm?), with the dorsal jugal apical cap density (288 
caps/ mm?). 
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Figure 13. Schematic diagram representing the distribution of the three categories of aesthete 
channel on the head, intermediate, and posterior valves of /. (I.) australis (A-C), A. 
gaimardi (D-F), and C. mystica (G-l). 
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Acanthopleura gaimardi 


Multiple branch aesthete systems penetrate the majority of the tegmentum area in 
all valves of A. gaimardi, including the jugal regions. These channels originate from 
holes which perforate the eave tissue throughout the anterior and lateral margins of 
valves I-VII, and the entire margin of the posterior valve. Each canal passes 
horizontally through the tegmentum to converge at the apices of the anterior and 
intermediate valves, or the mucro of the posterior valve. Secondary branches come 
off at intervals of approximately 130um, each passing directly upwards, and 
forming a megalaesthete with associated apical and subsidiary structures (Fig. 14). 
Such is the regularity of branching along the primary ducts of the multiple branch 
channels which penetrate the jugal region, that the apical caps on the adjacent shell 
valve surface are arranged in parallel lateral rows (Fig. 15). 

Ocelli structures (Fig. 16) are randomly distributed throughout the frontal and 
lateral regions of valves I-VII, and along the posterior edge of valve VIII (Currie, 
1989). A single duct leads from the base of each ocellus, and passes obliquely 
through the tegmentum to the eave tissue. Aesthete channels were not observed to 
merge directly with the ocelli structure, although proximal micraesthete channels 
often make contact with peripheral retinal cells situated below the ocelli lens. 

Slit ray channels are present on intermediate valves only. Here, each hole in the 
hypostracum gives rise to a single aesthete channel, which branches once in the 
tegmentum to form a pair of megalaesthetes. 


Cryptoplax mystica 


The multiple branch aesthete channels which penetrate the tegmentum on all 
valves of C. mystica, produce secondary branches at approximately 180um 
intervals, each of which give rise to a single megalaesthete complex (Fig. 17). In 
valve I, all primary channels pass horizontally from their point of entry on the 
anterior or lateral eaves to converge near the central posterior edge of the valve. 
The primary channels which perforate the lateral regions of valves I-VIII, are 


44 Figures 14-19. 14. Dorsal view of the multiple branch region of a decalcified valve of A. gaimardi 
showing each megalaesthete (Me) giving rise to a single aesthete channel and cap 
(Ac) as well as numerous micraesthete channels (M) and associated subsidiary caps 
(Sc). 15. Dorsal view of the jugal region of a decalcified valve of A. gaimardi 
showing megalaesthete channels (Mec) passing posteriorly through the tegmentum 
from the anterior shell edge. Each channel in this region branches at regular 
intervals to form rows of megalaesthetes with associated apical (Ap) and subsidiary 
caps (Sc). 16. Dorsal view of an ocellus (Oc) ona decalcified valve of A. gaimardi. 
Apical (Ac) and subsidiary caps (Sc) are arranged about the circumference of the 
ocellus lens. 17, Dorsal view of the lateral region of a decalcified, intermediate valve 
of C. mystica showing rows of megalaesthetes (Me) comprising a single multiple 
branch channel. 18. Dorsal view of the jugal region of a decalcified valve of C. 
mystica showing unbranched aesthete channels (AeC) passing through the shell 
layers, and terminating at the shell surface in single apical caps (Ac). Growth check 
lines (G) are clearly visible in this region. 19. Lateral view of the eave tissue margin. 
(Ev) showing a new aesthete cavity (AeC) forming in association with a dorsal 
papillae (Dp). This cavity will eventually merge with one of the megalaesthete 
cavities (MeC) ventral to it on the eave tissue, and form a multiple branch aesthete 
system. Scale bars in micrometers. 
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arranged in posteriorly directed parallel lines, approximately 80um apart. As a 
result the central regions of anterior valves display a higher density of apical caps 
than the associated lateral regions of intermediate and posterior valves (Currie, 
1989). 

Unbranched channels penetrate the narrow strip of unsculptured shell that runs 
anterio-posteriorly throughout the dorsal surface of valves II-VIII (Fig. 18). These 
jugal channels vary only slightly in diameter (from approximately 20um diam. in 
articulamentum, to 30um diam. in tegmentum), as they pass dorsally through the 
shell layers in an approximately straight line. 

Decalcified valves of C. mystica often display an irregular distribution of 
pigmented material in the tegmentum. Valve fractures reveal this pigment to be 
enclosed in chambers of varying size and shape. These chambers do not open to the 
shell surface, but may form connections with megalesthete channels opening at the 
eave tissue. 


Valve growth 


Shell growth in all three species occurs along the anterior and lateral edges of 
valves I-VII, and throughout the entire margin of valve VIII. By examination of the 
variation in channel construction along the eave tissue margins and exposed 
surface fractures (Fig. 19), it is possible to deduce the stages of development 
involved in the formation of new aesthete structures with shell growth, 
Observations are constant with the description provided by Baxter and Jones 
(1984) for Callochiton achatinus (Brown, 1827). The sequence of aesthete 
construction occurs in unison in adjacent multiple branch aesthetes in A. gaimardi, 
and results in parallel rows of megalaesthetes. In /. (1.) australis and C. mystica 


adjacent multiple branch systems are out of phase due to the alternation of papillae 
on the dorsal surface. 


DISCUSSION 


The basic four layer structure of the shell valves examined in this study is consistent 
with that of other polyplacophorans (Fischer-Piette and Franc, 1960; Boyle, 1972; 
Baxter and Jones, 1981, 1984). 

The periostracum, a thin, pliable, fibrous material constitutes the uppermost 
layer. It covers the entire dorsal surface of all valves except for those areas overlaid 
by the surrounding girdle. As in other molluscs, the periostracum is secreted by the 
mantle at the shell plate margin (Haas, 1972), and is subsequently hardened bya 
quinone tanning process (Saleuddin and Petit, 1983). The functional significance of 
this layer is unclear; possibly it protects the shell from erosion, and/or serves as a 
matrix for the deposition of new shell material. Periostracum does, to some extent, 
protect the shell from acid dissolution, although its chemical durability in the field 
is of questionable importance. Moreover, periostracum is often absent from the 
valves of older individuals. Quinone tanned periostracum has been postulated to be 
an essential prerequisite for calcification (Beedham and Trueman, 1968; Taylor 
and Kennedy, 1969; Chan and Saleuddin, 1974; Carter and Aller, 1975; Petit et al., 
1980b), providing a suitable substratum for the orderly deposition of calcium 
carbonate. However, a visual examination of the principal growth regions (the eave 
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tissue) on the valves of the three chiton species in this study, failed to reveala layer 
of periostracum. 

The two major shell layers, the tegmentum and articulamentum, exhibit a 
characteristic cross lamellar structure; consisting of thin blocks comprised of 
parallel rod-like crystals, arranged such that the crystals of each adjacent block lay 
obliquely. This alternation in angle of adjacent blocks (lamels) is thought to 
contribute strength and solidity to the valves of chitons (Bøggild, 1930). The 
processes involved in the formation of cross lamellar shell remains unresolved. 
Nakahara et al. (1981) described the formation of cross lamellar shell in Strombus 
gigas (L.) as beginning with fine granular particles that appear to develop into 
single layered envelopes (presumably empty, packet-like structures). Rod shaped 
crystals then form within the ‘envelopes’. This may explain the granular 
appearance of the upper tegmentum region, although dorso-vental thickening of 
the shell valves is limited. It does not however explain the anomaly in shell structure 
along the valve margins, where the majority of shell growth occurs. Here, 
examination of the outer surfaces of the tegmentum and articulamentum reveals 
the latter to be differentially covered by an extension of the ventral shell layer (the 
hypostracum). Clearly two separate processes are involved in the formation of 
cross lamellar shell in the lateral fields: one requires the deposition of a nacreous- 
like layer as a precursor to, and following, the deposition of cross lamellar crystals 
(as in the articulamentum), the other allows the direct, lateral extension of existing 
lamels (as in the tegmentum). 

Three distinct types of aesthete channel were found to penetrate the various shell 
layers of I. (I) australis: multiple branch, slit ray, and jugal. The occurrence and 
distribution of these structures are similar to that described for the closely related L. 
cinereus (see Baxter and Jones, 1981), although slight differences in distribution are 
obvious when compared with another member of the Ischnochitonidae family, i.e. 
C. achatinus (see Baxter and Jones, 1984). The diversity in aesthete complexity 
suggests a capacity to perform a variety of functions. However, T.E.M. 
examination of the fine structural detail of the three aesthete classes failed to reveal 
any differences (Currie, in press). Considering the absence of jugal channels from 
the valves of A. gaimardi, and slit ray channels from C. mystica valves, it would 
appear that aesthete channel differentiation is of little importance in affording a 
range of functions, and merely represents inherent differences in shell growth 
associated with the formation of major valve sculptures i.e. insertion plates. 

Shell valve growth was found to occur along the anterior and lateral edges of 
valves I-VII and throughout the entire margin of valve VIII. This observation is 
consistent with those of Fischer-Piette and Franc (1960) and Baxter and Jones 
(1981, 1984), but contradicts the findings of Beedham and Trueman (1967), who 
concluded that valve growth occurred along the posterior and lateral edges. 
Epithelial control of shell deposition in these regions presents a perplexing problem 
in itself, but is further complicated by the formation of aesthetes. Baxter and Jones 
(1981) suggest that aesthetes are derived from the cells of the mantle epithelium, 
and formed when directly engulfed by the adjacent growing edge. Analysis of 
decalcified valves shows that all aesthete structures are directly (in the case of jugal 
channels), or indirectly (in the case of multiple branch channels) in contact with, 
and quite possibly derived from, the mantle epithelium. 
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Photoreceptor or statocyst ? The ultrastructure and function 
of a unique sensory organ embedded in the shell valves of 
Cryptoplax mystica Iredale & Hull, 1925 
(Mollusca:Polyplacophora) 


David R. Currie 


Marine Science Laboratories, P.O. Box 114, Queenscliff, Victoria 3225, Australia. 


ABSTRACT 


Cryptoplax mystica is a common inhabitant of the New South Wales mid- 
north coast. An elongate chiton with reduced shell valves, it is usually found 
in narrow crevices and holes in sand-sponge aggregates in the lower intertidal 
zone. A recent examination of some head, intermediate and tail valves 
revealed a unique ‘sense organ’ imbedded in pigmented tissue immediately 
below the shells dorsal surface. The structure was found to possess features 
consistent with a photoreceptive and/or balance function, and to display a 
degree of complexity hitherto undescribed for the Polyplacophora. 


INTRODUCTION 


A number of studies have been conducted on the ultrastructure of aesthetes in 
chitons during recent years (Boyle, 1974; Haas and Kriesten, 1978; Fischer, 1978b, 
1979, 1988; Fischer and Renner, 1978; and Baxter et al., 1987). This comparative 
research has identified both sensory and secretory organelles as consistent features 
of aesthetes, in the small range of species examined to date, and has provided 
valuable information on the potential function/s of these complex structures. Most 
researchers now contend, on the basis of fine-structural detail, that aesthetes 
function as photoreceptors and/or periostracum secreting organs. 


Although aesthetes and their associated micraesthete ducts are the numerically 
dominant structure to be found embedded within the shell valves of chitons, some 
species possess supplementary organs e.g. photoreceptive ocelli (Moseley, 1885; 
Boyle, 1969; Currie, 1989). This paper investigates the discovery of a new class of 
organ found in the shell valves of Cryptoplax mystica Iredale & Hull, 1925. 
Detailed observations on the gross structure of this new ‘pigmented’ cavity, and it's 
relationship to the various shell valve layers are presented. In addition, the fine- 
structural detail of the enclosed soft tissues are examined. 


MATERIALS AND METHODS 


Specimens of C. mystica were collected from rocks in the intertidal region at 
Arrawarra on the mid-north coast of New South Wales (30? 10’S, 153? 20'E). These 
animals were kept in aerated sea-water for no longer than one hour prior to thé 
removal of three principal shell valves (i.e. one head, intermediate, and tail valve). 

The internal arrangement of the pigmented channels and their relationship to the 
shell valve layers was investigated by examination of surfaces exposed by fractures. 
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After washing in distilled water, valves were ultrasonically cleaned and dehydrated 
in an alcohol series. Pieces of valve were subsequently mounted with colloidal 
copper on aluminium stubs, sputter-coated with gold, and the fractured surfaces 
examined at an accelerating voltage of 20 КУ ona JEOL JSM35 scanning electron 
microscope. 

Material for transmission electron microscopy was fixed in 3% glutaraldehyde in 
phosphate buffer pH 7.2 at room temperature for 2 hours, rinsed in cold 0.2M 
phosphate buffer every hour for 5 hours, then decalcified in chilled 5% disodium 
ethylenediaminetetraacetic acid (EDTA) in phosphate buffer. The pieces of shell 
were post-fixed at room temperature for one hour in 2% osmium tetroxide, 
dehydrated in increasing concentrations of alcohol, then infiltrated and embedded 
in Spurr low-viscosity medium. Sections were cut ona Reichart ultramicrotome, 
mounted on copper grids, and then stained with saturated uranyl acetate and lead 
citrate (Reynolds, 1963), before being examined on a JEOL 1200EX electron 
microscope at an accelerating voltage of 60kV. 

Semi-thin sections of shell were cut from blocks prepared as above for 
transmission electron microscopy. These were mounted on glass slides and stained 
with 495 toluidine blue, before being examined. on an Olympus CH light 
microscope. 

The valve nomenclature used in this study is essentially that defined by Baxter 
and Jones (1984), unless otherwise indicated. 


RESULTS 


Pigmented cavities occur in association with aesthete channels inthe mid-posterior 
tegmentum of anterior valves, and throughout the jugal regions of the intermediate 
and posterior valves. They occur most frequently on the anterior valve, with up to 
30 structures being identified in single specimen. Unlike aesthete systems, the 
pigmented cavities do not terminate at the shell surface in a circular apical cap, and 
hence are only visible in individuals where the dorsal surface has been eroded (Fig. 


< Figures 1-6. 1. Scanning electron micrograph of the dorsal surface of an anterior valve of 
Cryptoplax mystica, showing nodulose ridges (Nr) radiating from the mid/posterior 
region towards the sutural lamina (SI). Openings visible in the mid/posterior area 
(arrowed) are associated with pigmented cavities that extend through the shell valve 
layers to the ventral surface. 2. Ventral surface of an anterior valve of Cryptoplax 
mystica showing slits in the hypostracum (arrowed) representing the proximal 
openings of pigmented cavities. 3. Proximal openings of pigmented cavities (arrowed) 
on the ventral surface of ananterior valve of Cryptoplax mystica. Note the presence of 
a single axon fibre (Ax) running through the lower region of each cavity. 4. Transverse 
fracture through an anterior valve of Cryptoplax mystica showing pigmented cavities 
(Cv) extending through the tegmentum (T) / articulamentum (A) interface (arrowed). 
Note that the small perforations in the tegmentum, which represent multiple-branch 
aesthete channels, do not penetrate the articulamentum — the aesthete structures have 
been observed to extend obliquely from the dorsal surface to the eave tissue. 5. 
Transverse fracture through an anterior valve of Cryptoplax mystica showing aesthete 
channels (arrowed) opening into the distal region of a pigmented cavity (Cv). 
6. Transverse fracture through an anterior valve of Cryptoplax mystica showing 
multiple branch aesthete channels (Mbc) extending from the nodulose ridges (Nr) on 
the dorsal surface to the eave tissue (Ev). Scale bars in micrometers. 
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1). From the dorsum, the cavities extend obliquely through the shell layers, 
becoming progressively narrower towards the anterior of the valve. They 
eventually terminate at the ventral surface in narrow slits (Fig. 2) or ovoid 
apertures. It is apparent that the soft tissues enclosed by the pigmented cavity 
continue to extend towards the mantle, as axon fibres are often observed 
protruding from the ventral surface (Fig. 3). 

A transverse fracture through an anterior shell valve (Fig. 4) confirms that the 
pigmented cavities extend across the tegmentum / articulamentum interface, 
whilst multiple-branch aesthetes are restricted to the upper shell layer. The 
aesthetes are, however, closely associated with the pigmented organs, and 
numerous aesthete and micraesthete channels open into the distal region of the 
cavity (Fig. 5). The cavities are clearly much larger than the surrounding aesthete 
channels (Fig. 6), and indeed any other aesthete previously described, being up to 
150 um in width and 300 um in length. 

The cavity is separated from the shell surface by a thin layer (approximately 2 
pm) of unperforated periostracum-like material, and the enclosed distal region 
appears to be packed with a disorganized array of cells with variable contents (Fig. 
7) A single spherical ‘sensory’ organ (approximately 60 um in diameter) is 
contained in the lumen of the cavity ventral to this. In certain sections, the sense 
organ (Fig. 8) appears to consist of a collection of cells reminiscent of the retinal cell 
bodies found in the ocelli of Acanthopleura gaimardi (De Blainville, 1825) (Currie, 
1990); each cell comprises a rounded nucleus showing little condensed chromatin, 
finely granular cytoplasm rich in mitochondria and endoplasmic reticulum, and an 
association of ciliary profiles. Other sections through the same organ (Fig. 9) reveal 
a cloven organization; with each segment composed of a group of cells packed with 
pigment granules, and separated from adjacent cell groups by narrow fissures 
running between the centre and circumference of the structure. The rounded 


44 Figures 7-11. 7. Longitudinal section through part of the distal region of a pigmented cavity (Cv) 
within the tegmentum (T) of a shell valve of Cryptoplax mystica showing the thin 
layer of periostracum-like material (arrowed) which covers an irregular association 
of cells at the shell surface. 8. Section through the lumen of a pigmented cavity (Cv) 
found within the tegmentum (T) of a shell valve of Cryptoplax mystica showing a 
peripheral portion of a specialised sense organ (S). The organ here is comprised of 
uniform cells which extend throughout the entire circular profile. Each of these cells 
contains a rounded nucleus (N) with little condensed chromatin, many mitochondria 
(Mi), endoplasmic reticulum (Er), and an association of cilia (Cl). 9. Section through 
the lumen of a pigmented cavity (Cv) in Cryptoplax mystica showing part of the 
circular profile of a sensory organ (S). Here, cells packed with pigment granules (Pg) 
form groups, as evidenced by the close association of nuclei (N), which appear to be 
separated from adjacent groups by narrow membranous fissures (arrowed) running 
between the centre and circumference of the organ. A narrow layer of peripheral (Pr) 
cells, absent of pigment granules, extends throughout much of the inner surface of 
the organ wall. 10. Section through a pigment granule found within the specialized 
sensory organ of Cryptoplax mystica showing an internal organization of fine 
lamellae. 11. Section through a pigmented cavity (Cv) in Cryptoplax mystica 
showing a structure resembling a collection of axons (Ax) adjacent to a ciliated 
portion of the sensory cell (S). Scale bars in micrometers. 
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pigment granules found here are distinctly variable in size (0.5 - 8 um), density 
(opaque to electron-dense), and structure (finely granular to lamellate (Fig. 10)). 

Perhaps the most curious feature of the entire structure is the array of ciliary 
processes, evident in the proximal region adjacent to a component resembling an 
afferent neuron (Fig. 11). Transverse and oblique sections through this area (Figs. 
12 and 13 respectively) display a unique arrangement of ten evenly spaced cell 
groups placed around the inner wall of the organ, each of which give rise to, and is 
separated by, bundles of inwardly directed elongate cilia. The cell groups 
themselves are composed of seven or more uniform ‘sensory’ cells which surround 
an elongate central cell: each sensory cell contains a small rounded nucleus and a 
few mitochondria within the finely granular cytoplasm, and gives rise, peripherally, 
to a row of eight to ten cilia (9 + 2) up to 15 um in length (Fig. 14); the central cells 
do not appear to possess basal bodies, and consist of two distinct regions !) an 
epicentric electron-dense region, and 2) a centrally orientated electron-light region 
containing the nucleus. Each ofthe ten sensory cell groups is individually bound by 
a membrane bearing short microvillous-like projections on all surfaces. A similar 
membrane covers the entire inner surface of the organ wall, which is comprised of a 
small number of squamous peripheral cells. Other notable features evident in these 
later sections through the organ are the vitreous plate-like structures (perhaps 
decalcified statoliths) found within the central ciliated region (Figs. 12- 14), and the 
occurrence of electron-dense rhombic structures (possibly crystalline reflectors) 
situated in the pigmented cavity, between the sensory organ and the shell 
tegmentum (Fig. 12). 

A hypothetical arrangement of the major cellular features within the sensory 
organ, based on semi-thin and transmission electron micrographs, is given in Fig. 


15. 


<q Figures 12-13. 12. Transverse section through the proximal region of a sensory organ within the 
lumen of a pigmented cavity (Cv) in Cryptoplax mystica showing the peripheral 
arrangement of sensory cell cell groups (1 - 10) giving rise to inwardly directed 
bundles of cilia (Cl). Each of the ten cell groups consist of a single central cell (Ce), 
surrounded by a number of sensory cells (Sn); the former displays a epicentric 
electron-dense region and an inner electron-light region containing the nucleus, 
while the latter cell type contains small pigment granules (Pg) and rows of ciliary 
roots (R). The cell groups are covered marginally by a continuous membrane 
bearing short microvillous projections (Mv) at regular intervals. A similar 
membrane extends to cover the entire inner surface of the organ wall. Small vitreous 
structures (single arrow) found in the central ciliated region of the organ may 
represent decalcified statoliths. The electron-dense rhombic structures (double 
arrow) within the pigmented cavity are reminiscent of the crystalline light reflectors 
found in some bivalves. Such crystals were a regular feature of several different 
sections, and therefore, cannot be artifacts. 13. Oblique section through the 
proximal region of a sensory organ within the lumen of a pigmented cavity (Cv) in 
Cryptoplax mystica showing numerous sense cells (Sn) with pigment granules (Pg) 
surrounding the elongate central cells (Ce) and giving rise to bundles of ciliary 
processes. Vitreous interruptions in the cilia bundles (arrowed) may represent 


decalcified statoliths. Scale bars in micrometers. 
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Figure 14. Transverse section through a sensory cell group within the peripheral region of sense 
organ in Cryptoplax mystica showing the arrangement of ciliary roots (R) and basal 
bodies (Bb) associated with each sense cell (Sn). A number of lamellate pigmented 
granules (Pg) may, in addition, be present in the sense cells which encircle the single 

‘central cell (Ce). Each sensory cell group is covered marginally by a continuous 
membrane bearing short microvillous projections (Mv), and is separated from adjacent 
cell groups by fissures containing bundles of cilia (Cl) emanating from perimetric sense 
cells. The opaque structure in the lumen of the sensory organ (arrowed) may representa 
decalcified statolith. Scale bar in micrometers. 
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Figure 15. Hypothetical three-dimensional reconstruction of the specialised sense organ found 
within the pigmented cavities of Cryptoplax mystica. 


DISCUSSION 
Intrapigmental ocelli of quite different construction have been described in a 
variety of chiton sub-families, ranging from the less advanced Callochitoninae 
(Ischnochitonidae), to the phylogenetically ‘higher’ Toniciinae and 
Acanthopleurinae (Chitonidae) (Nowikoff, 1907, 1909). In Acanthopleura, a small 
convex lens embedded in the pigmented region of the tegmentum is described by 


24 Р.В. Currie 


Nowikoff as being surrounded by a fibrillar area (possibly bundles of cilia), a cup of 
retinal cells, and a layer of pigment. But for the absence of a lens, the sensory organ 
of C. mystica displays all of these features indicative of light reception. Further 
support for this assumption is found in a comparison with the ultrastructure of the 
pallial eyes of the bivalve Pecten maximus (L.) (Barber et al., 1967). This species 
possesses both ciliated primary photoreceptor cells (similar to the ciliated sensory 
cells of C. mystica), and secondary cells bearing short microvilli (analogous with 
the microvillous membrane). In addition, the eye of P. maximusis surrounded by a 
series of argentea (crystalline reflectors), which closely resemble those found in C. 
mystica. 

If indeed the sensory organ of C. mystica functions as a photoreceptor, the 
dorsal pigmented region probably acts as a spectral filter; the segmentation of the 
pigment cell groups and the variance in granule size and density might allow a 
highly selective penetration of light stimuli to specific regions of the microvillous 
membranes below. Such a system could be expected to differentiate light intensity 
as well as direction (i.e. those criteria relating to photoperiod and orientation). 
Changes in reflected light from the argentea might, in addition, directly stimulate 
the array of ciliary receptors, and facilitate a shadow response similar to that 
described for the scallop P. maximus. 

The evolution and functional significance of photoreceptor design is unclear 
(Westfall, 1982). The occurrence of ciliary type receptor cells within the pigmented 
regions of the shell valves of C. mystica is particularly interesting, not only because 
this type of receptor generally occurs in deuterostomes, but because this species 
represents the most highly specialised family of all Polyplacophora (according to 
the current classification system of Kass and Van Belle, 1980), the Cryptoplacidae. 
Rudimentary ciliary type membranes have been described in the extrapigmental 
ocelli of Onithochiton neglectus De Rochebrune, 1881 (Boyle, 1969) and A. 
gaimardi (Currie, 1990), and may prove to be the basis for the development of this 
specialised organ. 

Similarities in the peripheral arrangement of the ciliated sensory cells of C. 
mystica with geotactic sense organs in other invertebrates, the linear organisation 
of ciliary roots within the sense cells, and the occurrence of vitreous plate-like 
structures in the lumen, all suggest an additional/alternative function, i.e. that ofa 
statocyst. Such structures have been described in all molluscan classes with the 
exception of Polyplacophora (Barber, 1968), and have been shown to display an 
orientation function in both Gastropods (Lever and Geuze, 1965) and 
Lamellibranchs (Buddenbrock, 1915). A statocyst could be of considerable benefit 
to C. mystica in respect of its habitat; the animal is normally found wedged in small 
crevices under boulders, and rarely ventures from this abode to a position in which 
light might influence its orientation (phototaxis). A perception of gravity, and 
hence an ability to orientate in such a tenebrous environment, could be facilitated 
by a statocyst. However, until suitable methodologies are developed to 
experimentally manipulate these sensory organs and measure responses, like the 
aesthete — one can merely speculate on function. 
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First record of a species of Polyplacophora in the 
Italian Oligocene 


Bruno Dell’Angelo* and Stefano Palazzi# 


* Via Follereau 10, 41003 Formigine (MO), Italy 
# Via Prampolini 172/2, 41100 Modena, Italy 


ABSTRACT 


No Oligocene chiton species have been known from Italy, but a few valves of 
a Stenoplax species have been found in the Case Soghe beds, near Vicenza, 
South Veneto, Northern Italy. This species is consistently different from the 
other fossil Stenoplax species known and therefore described as new. The 
holotype is deposited in the collections of the Malacological Laboratory of 
Bologna University. 


RIASSUNTO 


Viene descritta una nuova specie oligocenica (Stenoplax veneta) proveniente 
da Case Soghe (Colli Berici, Vicenza), localita’ gia’ studiata da diversi Autori, 
ma senza che siano stati rinvenuti Polyplacophora. In tutto sono state 
reperite 4 piastre (una anteriore, incompleta, e 3 posteriori). L'olotipo (una 
piastra VIII) e' depositato presso il Laboratorio di Malacologia 
dell’ Universita’ di Bologna. 


INTRODUCTION 


A large number of Tertiary chiton species have been described from Italy (Sacco, 
1897; Malatesta, 1962; Laghi, 1977; Dell'Angelo & Palazzi, 1989), but none from 
the Paleogene. This is undoubtely due to the scarce number of fossiliferous strata 
apt to preserve tiny or fragile molluscs; many of the Italian paleogenic 
malacofaunas originate from pyroclastitic beds where only thicker shells are 
preserved, often only as casts. This situation motivated us to undertake researc” ‘п 
the few beds known from the literature to contain smaller malacofaunal elements. 
Our efforts have produced the finding of a single chiton species, new to science, 
described below. 


ORIGIN OF THE MATERIAL 


The Oligocene outcrop of Case Soghe in the Colli Berici (near M. Lungo, 
Arcugnano, Vicenza province, northern Italy) was first discovered and described 
by Rossi (1962); the local molluscan faunula was later studied in detail by Accorsi 
Benini (1971; 1974). The samples were collected by these authors and by us ina 
small exposure of brownish yellow silty sandstone capping, in stratigraphic 
unconformity, a “pietra serena” quarry near Case Soghe. 

The malacofauna has been estimated by Accorsi Benini (1971; 1974) to be 
pertaining to the upper fraction of Middle Oligocene (Upper Rupelian), so being 
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more closely related to "classic" France Oligocene mollusk faunas than to German 
ones (mostly Chattian in age). 

Shells are not abundant in the strata sampled, indicating that the situation has 
changed from the first report thirty years ago. This must largely be due to 
inconscious local fossil collectors that, in search of the few and scattered big species 
present (like Strombus, Ampullina etc.), dig heavily and reduce both the extent and 
the intelligibility of the exposure. The few shells we have obtained sieving the 
sandstone in situ and subsequently examining the residue under a binocular 
microscope are, in general, in far better condition than elsewhere in similarly aged 
Veneto exposures; the finer details of the sculpture are also sometimes preserved, 
but this is quite rare and more commonly they are scantily visible. 


Stenoplax veneta sp.nov. 
Figures 1-3 
Holotype 

One tail valve (deposited in the collections of the Malacological Laboratory of 
Bologna University, registration number 010301) in a good state of preservation, 
but with the tegmentum sculpture somewhat eroded, 3.1 x 2.4 mm (fig. 1) 
Paratypes 

One incomplete head valve and two tail valves (deposited in B. Dell'Angelo 
collection, registration number 3039). Of the three anal valves found, the best 
preserved one shows a beaded sculpture of small granules. To avoid damage to this 
valve we have photographed (fig. 1) and designated as the holotype a second plate, 
more worn but still well recognizable. The third plate is very worn. 

Diagnosis 

Tail valve very depressed, with inconspicuous subcentral mucro. Tegmentum 
with a beaded sculpture of small granules and concentric lines of growth well 
marked. Slit formula: 12?/?/ 12. 

Species description 

Head valve probably semicircular in outline (our fragment is about 1/2 of the 
plate). Tegmentum finely beaded by small granules that, in shape and texture, 
resemble those of Lepidochitona cinerea (Linnaeus, 1767), being slightly smaller in 
size (fig. 2). The fragment studied bears 6-7 rather large and irregular insertion 
teeth; the total number was presumably a dozen. 

Tail valve (fig. 1) semi-elliptical in outline, very depressed (fig. 3), anterior 
margin quite straight. Mucro subcentral, not elevated. Tegmentum with the same 
uniformly granulate sculpture of plate 1. Marked concentric lines of growth are 
visible. The articulamentum is prolonged into the two apophyses which continue 
the regular profile of the valve without a break, and which are separated by a wide · 
sinus. Teeth large but not extending outwards the tegmentum profile, numbering 
12, wider toward the upper margin. 

Etymology 
Venetus, latin adjective, meaning: “of Veneto”. 
Distribution 
Case Soghe, Vicenza, northern Italy. Oligocene (Upper Rupelian). 


a 
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Figures 1-3. Stenoplax veneta n.sp. 1. Holotype, tail valve, 3.1 x 2.4 mm, SEM photography. 
Malacological Laboratory of Bologna University, registration number 010301. 
2. Paratype, head valve, 2.8 x 1.2 mm. 3. Paratype, tail valve, 3.7 x 3 mm, profile. 


Comparison with other species 

Twenty-three species of chitons have been described from the Oligocene (Van 
Belle, 1981, revised 1984): 14 from Europe (Germany, France and England), eight 
from Australia and New Zealand and one from Canada, none of these belonging to 
Stenoplax. The only fossil Stenoplax species described to date are S. selseiensis 
Wrigley, 1943 and S. anglica Wrigley, 1943, both based ona single posterior plate 
and coming from the same Eocene locality (Medmery Farm, Selsey, England). 
Both of Wrigley’s species are practically smooth, while S. veneta bears distinct 
granules. Moreover, S. selseiensis is much longer, and the anterior margin of S. 
anglica is distinctly rounded, giving to the plate a trapezoidal appearance. 
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ABSTRACT 


A new species of Tertiary chiton, Notoplax buicki sp. nov., is described from 
the Dry Creek Sands (Pliocene, Yatalan) from South Australia. The new 
species most closely resembles the extant N. speciosa, but is distinguished 
from it by the elongate lateral teeth on the sides of the jugum, and the more 
triangular pustules which are not differentiated on the low diagonal rib 
separating the lateral and pleural areas. 


INTRODUCTION 


A large number of Tertiary chiton species have been described from southern 
Australia, but only four are recorded from South Australia (Cotton & Godfrey, 
1940; Cotton & Weeding, 1941; Cotton, 1964; Gowlett-Holmes & McHenry, 
1988). All South Australian species are from bores, and were recovered from the 
Dry Creek Sands, which are Yatalan (Late Pliocene) in age. During an 
examination of a collection of fossil chiton valves belonging to the late Mr W. 
George Buick of Perth, W.A., I located four median valves ofa species of Notoplax 
that differed from all known fossil and extant species of the genus. This new species 
is described here. The material reported here is deposited in the South Australian 
Museum, Adelaide (SAM) and the Western Australian Museum, Perth (WAM). 


Family Acanthochitonidae Pilsbry, 1893 
Genus Notoplax H. Adams, 1861 
Notoplax buicki sp. nov. 

Figure 1 


Holotype 

SAM P29792, one median valve with slight chips to the insertion plates and 
sutural laminae, 4.75 x 4.80 mm, collected from approximately 91 m (300 ft), 
Angas Home Bore, Parafield Gardens, Section 2259, Hundred of Yatala, County 
Adelaide, South Australia (34?47'06"S, 138936/26"E), collector unknown, 
collected in 1940, Dry Creek Sands, Yatalan, Late Pliocene. 


Paratypes 

SAM P29793, two incomplete median valves, both with slight chips to edges and 
with left-hand posterior insertion plates missing, 4.70 x 5.20 mm and 3.65 x 3.60 
mm respectively, with same collection data as holotype. WAM 92.2, one 
incomplete, slightly worn median valve, with slight chips to the insertion plates and 
sutural laminae and with most of the right-hand sutural lamina missing, 4.30 x 4.80 
mm, with same collection data as holotype. 
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Figure 1. Notoplax buickisp. nov. holotype (SAM P29792) A. dorsal view, x 11; B. lateral view, x 


11; C. anterior profile, scale bar = | mm; paratypes D. (SAM P29793) dorsal views, x 
10.5; E. (WAM 92.2) dorsal view, x 12. 
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Diagnosis 

Medium chiton. Carinated, medium to high elevation. Jugum narrow, about 
1/5 width of tegmentum, smooth, toothed laterally; median valves strongly 
beaked; low lateropleural rib; pustules triangular to “U”-shaped, flat-topped. Slit 
formula ?/1/?. Girdle unknown. 


Description of holotype 

Tegmentum about 35-40% of articulamentum. Valve narrow, carinated, 
medium to high elevation (Fig. 1C); strongly beaked, posterior edge concave. 
Jugum smooth, narrow, with elongate lateral teeth, about 1/5 width of tegmentum 
(Fig. 1A). Lateral and pleural areas sculptured with random, roundly triangular to 
“U”-shaped, flat-topped pustules, smaller near beak, not differentiated on the low 
diagonal rib separating lateral and pleural areas. Slit 1, very short, about 1/10 
width of articulamentum, in narrow, anterior facing groove 4/5 to 9/ 10 way to 
edge of tegmentum, posterior edge of slit groove raised to forma ridge (Fig. 1B). 


Etymology 

Named after the late Mr W. George Buick, a keen collector of both fossil and 
living shells, who generously donated three of the type specimens of this species to 
SAM, and the remainder of his collections to WAM. 


Stratigraphical occurrence 

The specimens were retrieved from the Angas Home Bore at a depth of 
approximately 91 m (300 ft), where the bore bottomed in “shell sands” which are 
consistent with a stratigraphic determination of Dry Creek Sands (Lindsay, 1987). 
The four valves of N. buicki would therefore be Yatalan (Late Pliocene) in age. 


Variation 
Although more worn and damaged, the paratypes (Figs 1D,E) are like the 
holotype. The anterior and posterior valves are unknown. 


Comparison with other species 

The new species was placed in the genus Notoplax sensu Gowlett-Holmes (1991) 
because of its reduced tegmentum, well defined narrow jugum, its large insertion 
plates with small slits, and because it bears a strong resemblance to other species of 
Notoplax, both extant and extinct. 

Notoplax buicki was compared with other Tertiary and extant species of 
Acanthochitonidae in the collections of SAM and WAM, and with extant species 
of Notoplax in the collections of the Australian Museum, Sydney (AM), the 
Museum of Victoria, Melbourne (NMV) and the Tasmanian Museum and Art 
Gallery, Hobart (TM). It most closely resembles the extant N. speciosa (H. Adams, 
1861), but can be readily distinguished from it by the elongate lateral teeth on the 
sides of the jugum, and the more triangular pustules which are not differentiated on 
the low diagonal rib separating the lateral and pleuralareas. The new species can be 
easily distinguished from N. adelaidae (Ashby & Cotton, 1936), which is also from 
the Dry Creek Sands, by its greater percentage of tegmentum to articulamentum, 
the more strongly beaked posterior edge of the median valve, and the elongate 
lateral teeth on the sides of the jugum. 

Gowlett-Holmes and McHenry (1988) described Notoplax (N.) arenaria from 
approximately the same level of the Angas Home Bore as N. buicki, but this species 
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does not belong in Notoplax s.s. because of its wide, regularly grooved jugum. The 
current generic position of arenaria is uncertain. 
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ABSTRACT 


A new family of deep-water chitons, Xylochitonidae fam.n., is erected to 
contain a distinctive new species Xylochiton xylophagus gen. et sp.n. from 
New Zealand waters. The new family is placed in the suborder 
Lepidopleurina, as it has unslit insertion plates. It can be distinguished from 
all other families in the suborder by the lack of calcareous ornamentation on 
the ventral girdle, the presence of unslit insertion plates on at least the anterior 
valve, and by the evenly distributed aesthete groups with their erect subsidiary 
caps. Similarities between Xylochitonidae fam.n. and Abyssochitonidae are 
discussed. 


INTRODUCTION 


In 1988, Sirenko erected a new genus of deep-water chitons, Ferreiraella, which 
contained six species, four of which were known to live on sunken wood. Sirenko 
(1988) placed Ferreiraella in the family Lepidopleuridae (as Leptochitonidae), as it 
lacks insertion plates, and distinguished it from all others in the family by the lack 
of calcareous armature on the ventral girdle, the presence of spicules but not scales 
onthe dorsal girdle and the form of the radula, witha bud-like process on the first 
lateral tooth. Sirenko (1988) recognised the possibility that his new genus was so 
distinct that it could require a new family. Dell’Angelo and Palazzi (1989), unaware 
of Sirenko’s (1988) paper, erected a new genus, Abyssochiton, based on four of the 
six species included in Ferreiraella, and also erected a new family, 
Abyssochitonidae. Abyssochitonis a synonym of Ferreiraella (see Dell’ Angelo and 
Palazzi, 1991), but the family name remains Abyssochitonidae, as per Article 40 of 
the International Code of Zoological Nomenclature. 

Recently, Mr B. Marshall of the National Museum of New Zealand, Wellington 
brought to our attention specimens of a deep-water chiton collected from sunken 
wood from New Zealand waters. Superficially, these chitons resembled members 
of Ferreiraella, but a closer examination revealed that although they have a densely 
spiculose dorsal girdle and lack any calcareous armature on the ventral girdle like 
the latter, they possess insertion plates, lack the bud-like process on the first lateral 
tooth of the radula and have aesthete groups with erect subsidiary caps evenly 
distributed all over the tegmentum. We believe these differences are of major 
importance, and warrant not only the formation of a new genus to contain this 
unique species from off New Zealand, but a new family as well. 

Here, we describe this new family, genus and species, and discuss its similarities 
to the Abyssochitonidae. 
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MATERIALS AND METHODS 


The material reported here is deposited in the National Museum of New Zealand, 
Wellington (NMNZ), The Australian Museum, Sydney (AM), South Australian 
Museum, Adelaide (SAM), The Natural History Museum, London (BMNH), Los 
Angeles County Museum of Natural History (LACM), National Museum of 
Natural History, Smithsonian Institution, Washington (USN M), Museum 
National d’Histoire Naturelle, Paris (MNHN) and the Royal Scottish Museum, 
Edinburgh (RSM). Valves and girdle samples were prepared for examination 
under the scanning electron microscope (SEM) as described in Jones and Gowlett- 


Holmes (1992), and radulae were prepared for examination under SEM after 
Bandel (1984). 


Order Neoloricata Bergenhayn, 1955 


Suborder Lepidopleurina Thiele, 1910 
Diagnosis 
Small to medium, ovate to elongate chitons; valves without, or with unslit, 
insertion plates; gills merobranchial. 
Remarks 


Starobogatov and Sirenko (1975) and Sirenko and Starobogatov (1977) regard 
the Lepidopleurida as an order in the subclass Neoloricata. Their classification 
includes many orders and suborders, the majority of which are poorly defined. 
Dell'Angelo and Palazzi (1989, 1991) follow the above classification, and recognise 
two suborders within the Lepidopleurida, Lepidopleurina s.s. and Afossochitonina 
Bergenhayn, 1955. The latter is based on the genus Afossochiton Ashby, 1925, 
which was placed in the Acanthochitonidae by Gowlett-Holmes (1987); as 
Dell'Angelo and Palazzi (1989, 1991) list Afossochitonina without diagnosis or 
discussion, we regard its status as dubious. These authors divide the suborder 
Lepidopleurina into two superfamilies, Mesochitonoidea Dell'Angelo & Palazzi, 
1991 (= Paleolepidopleuridea Dell'Angelo & Palazzi, 1989) and Lepidopleuroidea 
Dell’Angelo & Palazzi, 1991 (= Neolepidopleuridea Dell’ Angelo & Palazzi, 1989). 
Mesochitonoidea is defined as having pustules without aesthetes, or with pustules 
only on part of the tegmentum, and the Lepidopleuroidea is defined as having 
pustules with aesthetes more or less regularly over all of the tegmentum. However, 
members of the genus Ferreiraella Sirenko, 1988 (= Abyssochiton Dell’ Angelo & 
Palazzi, 1989), placed in the Mesochitonoidea by Dell’Angelo and Palazzi (1989, 
1991), have pustules with aesthetes distributed more or less evenly over the 
tegmentum (see Sirenko, 1988). In view of the poor definition and ambiguity of 
many of the taxa of these authors, we prefer to follow the higher classification of 
Van Belle (1983, 1985), which is well defined and consistent within the characters 
used. 

The following key to the families is modified after Kaas and Van Belle (1985), 
Gowlett-Holmes (1987) and Dell’Angelo and Palazzi (1989, 1991). The family 
name Lepidopleuridae is used instead of Leptochitonidae following Dell'Angelo 
and Palazzi (1991), who correctly point out that the former was an accepted name 
prior to 1961 and therefore should be retained under Article 40 of the International 
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Code of Zoological Nomenclature. Pace Dell’ Angelo and Palazzi (1991), however, 
we retain the family name Abyssochitonidae Dell’Angelo & Palazzi, 1989 in 
preference to Ferreiraellidae Dell’ Angelo & Palazzi, 1991, in conformity to Article 
40 of the Code. 


Key to the families of the Suborder Lepidopleurina 


1. Girdle with calcareous armament on underside ........ n 6n 2 
Girdle without calcareous armament on underside..................< 4 
2(1). No insertion plates ... 0... 20.0. eee M Lepidopleuridae 
Insertion plates on at least some valves ...---+ +++ sere rer tm 3 
3(2). Anterior valve with insertion plate ...... e: n 6n Hanleyidae 
Anterior valve without insertion plate ...............- Protochitonidae 
4(1). No insertion plates ....... 2... 0s eee III Abyssochitonidae 
Anterior valve at least with insertion plate ............. Xylochitonidae 


Family Xylochitonidae fam.n. 
Diagnosis 
Small to medium, elongate chitons; anterior valve with unslit insertion plate, 
weak unslit insertion plates usually present on remaining valves; sutural laminae 
well developed; aesthetes in groups, evenly distributed over tegmentum, 
micraesthete caps erect; girdle with calcareous spicules dorsally, ventral surface 
naked; gills merobranchial. 


Remarks 

This family superficially resembles the Abyssochitonidae, another family of 
chitons that live on sunken wood, but Xylochitonidae fam.n. can easily be 
distinguished from the latter by the presence of unslit insertion plates onat least the 
anterior valve, by the evenly distributed aesthete groups with their erect subsidiary 
caps, and by the lack of a bud-like process on the inner lateral teeth of the radula. 
Xylochitonidae fam.n. can be distinguished from all other families in the suborder 
by the lack of calcareous ornamentation on the ventral girdle. This family contains 
only the type genus, Xylochiton gen.n. 


Genus Xylochiton gen.n. 

Type species 

Xylochiton xylophagus sp.n. 
Diagnosis 

With the features of the family. 
Etymology 

Xylochiton, m., from a combination of the Greek “xylos” meaning wood, and 
"chiton", for chitons that live on sunken wood, referring to the habitat of the type 
species. 
Remarks 

This genus contains only the type species, Xylochiton xylophagus sp.n. 


38 K.L. Gowlett-Holmes and A.M. Jones 


Xylochiton xylophagus sp.n. 
(Figures 1-5) 

Holotype 

NMNZ M.100855, complete specimen, 20.20 x 8.25 mm, dredged in 1075-1100 
m, on large waterlogged log of Coriaria arborea (Tree Tutu), off White Island 
(37° 23.7'5, 177? 39.5-36.6'E), E of North Island, New Zealand, by the U.S.S.R. 
F.V.“Kalinovo”, Stn BS 924 (K01/019/81), 23 Nov. 1981. 
Paratypes 

NMNZ M.74996, 33 specimens, with same collection data as holotype; RSM- 
NMSZ 1991055, 7 specimens, with same collection data as holotype; SAM, 
D18770, 3 specimens, with same collection data as holotype; USNM 860288, 1 
specimen, with same collection data as holotype; BMNH 1991145, | specimen, 
with same collection data as holotype: AM C168568, | specimen, with same 
collection data as holotype; MNHN, | specimen, with same collection data as 
holotype; LACM 2280, | specimen, with same collection data as holotype; NMNZ 
M.86822, | specimen, dredged in 1045-1055 m, on wood, off Cape Egmont 
(38°58.5’S, 172°10.2’E), North Island, New Zealand, by F.V.“Wanaka”, Stn 
WKS5/ 17/86, 3 Mar. 1986; NMNZ M.84251, 1 specimen, dredged in 450-481 m, on 





Figure 1. Xylochiton xylophagus sp.n. holotype (NMNZ M. 100855) A. dorsal view, x 6; B. ventral 
view, x 6. 
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wood (Log A), off Cape Runaway (37°29.9’S, 177°47.0'Е), North Island, New 
Zealand, by F. V.*Wanaka", Stn WK3/19/85, 8 Dec. 1985; NMNZ M.92446, 2 
specimens, dredged in 1174-1180 m, on wood, NE of Chatham Islands (42°47. 1- 
48.2’S, 175° 45.6-47.2’E), by F.V.“Otago Buccaneer”, Stn BS 931 (BO1/ 102/84), 22 
Jul. 1984. 


Diagnosis 

Small to medium, elongate chiton to 25 mm (Fig. 1). Rounded dorsally, low 
elevation (Fig. 2G); valves relatively thick, strong. Tegmentum smooth except for 
projecting micraesthete caps (Fig. 3C), white with darker spots at aesthete groups. 
Articulamentum with distinct unslit insertion plate on anterior valve, insertion 
plates less developed on intermediate valves, reduced to a callus on posterior valve; 
sutural laminae well developed; articulamentum white. Girdle white, spiculose 
dorsally, no calcareous ornamentation ventrally. 
Species description 

Anterior valve (Fig. 2A) *D"-shaped, smooth except for projecting micraesthete 
caps and slight concentric growth lines, stronger toward posterior margins; 
aesthetes in groups (Figs ЗА, 3B) of 1 low megalaesthete and a semicircular 
arrangement of 3-8 micraesthetes with strongly projecting caps on upper side. 


LÀ. 


Figure 2. Xylochiton xylophagus sp.n. paratype (SAM D18770) A. anterior valve (dorsal view); B. 
intermediate valve (dorsal view); C. posterior valve (dorsal view); D. anterior valve 
(lateral view); E. intermediate valve (lateral view); F. posterior valve (lateral view); 
G. intermediate valve (posterior profile); scale bar = | mm. 
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Figure 3. 


Xylochiton xylophagus sp.n. paratypes (RSM-NMSZ 1991055) A. detail oftegmentum 
showing evenly distributed aesthete groups, scale bar = 100 ит; B. detail of single aesthete 
group, scale bar = 10 um; C. anterior valve (anterior view), showing corrugated insertion 
plate and evenly distributed aesthete groups, scale bar - 1 mm; D. deformed juvenile 
specimen with left side of valves 7 & 8 fused, x 10. 
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Figure 4. Xylochiton xylophagus sp.n. paratype (RS M-NMSZ 1991055) A. dorsal girdle spicules, 
scale bar = 100 um; B. ventral view of edge of girdle, showing dense spicules dorsally and 
naked ventral surface, scale bar = 100 um; C. detail of dorsal girdle spicules, showing 
grooved tips, scale bar = 10 um; D. detail of longer hair-like spicule, scale bar = 10 um. 


Narrow, unslit but corrugated insertion plate (Figs 2D, 3C) present around entire 
anterior margin, wider laterally. Intermediate valves (Fig. 2B) weakly beaked, 
posterior margin straight to slightly convex, anterior margin concave. Valve areas 
not differentiated. Tegmentum smooth except for projecting micraesthete caps and 
weak concentric growth lines, stronger toward posterior margin; aesthete groups as 
on anterior valve. Sutural laminae well developed, articulamentum extending 
posteriorly from sutural laminae to form small, weak, unslit insertion plates (Fig. 
2E). Posterior valve (Fig. 2C) tegmentum semicircular, almost twice as wide as 
long. Antemucronal area sculptured like intermediate valves; mucro smooth, 
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central; postmucronal slope not steep, concave, sculptured like intermediate valves. 
Sutural laminae well developed; articulamentum extending posteriorly to form 
thickened, corrugated callus under entire posterior margin (Fig. 2F). 

Girdle (Fig. 1А) somewhat fleshy, encroaching slightly at valve sutures; dorsal 
surface densely spiculose (Fig. 4A) with numerous, flattened, mostly smooth, 
boat-shaped spicules (50-85 um long, 15-23 um wide), tapering to a flattened, blunt 
point with 2-4 strong ridges on each side (Fig. 4C), concave side toward valves, 
longest spicules at outer edge of girdle, and with random, sparse, smooth, longer 
(up to 240 um long), round, hair-like spicules (Fig. 4D), 10-12 um wide at base, 
gradually tapering to a thin, flexible, sometimes bifid, filament apically, each round 
spicule on short, thin (2-3 um wide) stalk. Girdle with no calcareous ornamentation 
ventrally (Fig. 4B). 

Gills merobranchial, abanal, 19-21 large ctenidia on each side, tapering large to 
smaller anteriorly. 

Radula (Fig. 5A) with elongate, almost rectangular central teeth, wider apically, 
with median ridge from base widening to cover all of slightly concave apical edge of 
head; first lateral teeth narrow basally, with broadly triangular heads, apical edge 
irregular with broken appearance; major (second) lateral teeth elongate, narrow 
basally, with wide, tricuspidate heads, central cusp longest, twice as long as outer 
cusps; third lateral teeth narrow basally, with very broad, strongly curled, comb- 
like heads (Fig. 5B). 





Figure 5. Xylochiton xylophagus sp.n. paratype (RS М-М MSZ 1991055) A. radula, scale bar = 100 
um; B. detail of comb-like head of third lateral tooth, scale bar = 10 um. 


Etymology 
From a combination of the Greek “xylos” meaning wood, and “phagos” 


meaning eating, in recognition of the habit of this species to ingest the sunken wood 
on which it lives. 
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Distribution 
Waters west and east of North Island, New Zealand, and to the northeast of the 


Chatham Islands. 
Habitat 

On waterlogged, sunken wood, particularly Tree Tutu (Coriaria arborea), in 
depths of 1045-1180 m, with a single, very juvenile, specimen (NMNZ M.84251) 
from 450-481 m depth. 


Remarks 

One juvenile paratype (RSM-NMSZ 1991055) (Fig. 3D) has the left side of 
valves 7 and 8 fused. Whether this deformity is due to damage or a genetic 
abnormality could not be determined. 


DISCUSSION 


The similarities between members of the Abyssochitonidae and Xylochitonidae 
raise some interesting questions. The divisions in the higher systematics of the 
Polyplacophora are currently based mainly on the absence or presence and form of 
the insertion plates, with other features of secondary importance, if considered at 
all. The members of these two families of deep-water, wood-living chitons are very 
similar in appearance, and are the only known chitons which lack any calcareous 
armament on the ventral girdle. Both families also possess a broad, spatulate, 
comb-like third lateral tooth on the radula. The erect subsidiary caps in the aesthete 
groups are very distinctive in Xylochitonidae, but there is a suggestion that these 
may also be present on the periphery of the valves of Ferreiraella caribbensis 
Sirenko, 1988, the type species of that genus (see Jones and Gowlett-Holmes, 
1992). However, the Abyssochitonidae lack insertion plates totally, whereas in 
Xylochitonidae, there is a distinct, unslit insertion plate on the anterior valve, small, 
weak insertion plates on the intermediate valves and a callus on the posterior valve; 
under the current classification the presence of these insertion plates must be 
regarded as a major difference. The main question to be resolved is whether these 
two families are showing convergent evolution due to specialisations for their habit 
of living on, and eating, sunken wood in deep water, or whether they are in fact 
closely related, thus throwing into question the significance of currently used 
classification criteria. To answer this question properly would require a detailed 
study and re-evaluation of the relative importance of characters currently used in 
the higher classification of the whole class, which is obviously beyond the scope of 
this paper. However, we believe that all of the currently proposed higher 
classifications, such as those of Starobogatov and Sirenko (1975), Sirenko and 
Starobogatov (1977), Van Belle (1983, 1985) and Dell'Angelo and Palazzi (1989, 
1991), are based on too narrow a suite of characters, and until the character base is 
expanded to include features that are currently ignored, such as anatomy and valve 
microstructure, the higher classification will remain unwieldy and ina state of flux. 

As more deep-water chiton species are discovered and examined in detail, we 
hope the relationship between the Abyssochitonidae and the Xylochitonidae and 
between these and other chiton families will become clearer. 
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ABSTRACT 


The morphology of the valves and girdle of the newly described, wood- 
feeding deep-water chiton Xylochiton xylophagus is examined using light 
and scanning electron microscopy. The aesthete groups are unusual in 
character and the subsidiary caps in particular are unique in being erect. The 
nature of the girdle spiculation is described in detail, and sparse, hair-like and 
probably sensory structures were observed; the ventral surface of the girdle is 
devoid of spicules, a feature found only in one other group of chitons, the 
Abyssochitonidae. 


INTRODUCTION 


The deep-water chitons of the monogeneric families Abyssochitonidae 
Dell'Angelo & Palazzi, 1989 and Xylochitonidae Gowlett-Holmes & Jones, 1992 
are particularly interesting groups as most species described to date (Sirenko, 1988; 
Gowlett-Holmes and Jones, 1992) live on or in logs of sunken wood: that this forms 
the principal food source is demonstrated by the gut being full of wood fragments. 
Whether or not these animals are able to digest the wood itself, or whether they are 
feeding on associated microflora remains undetermined. These animals are also 
usually found in depths below about 700m where sunlight must be considered 
absent and, therefore, the structure and abundance of aesthetes, widely considered 
to be photoreceptor organs, is of special interest. 

Xylochiton (family Xylochitonidae) is a monotypic genus with distinctive 
character differences from Ferreiraella (family Abyssochitonidae) (see Gowlett- 
Holmes & Jones, 1992). This paper describes the unusual valve and aesthete cap 
structures together with the girdle structures of X ylochiton xylophagus Gowlett- 
Holmes & Jones, 1992. 


MATERIALS AND METHODS 


All material of Xylochiton xylophagus examined here was originally brought to 
our attention by Mr B. Marshall of the National Museum of New Zealand, 
Wellington (NMNZ), and is now held by the Royal Scottish Museum, Edinburgh 
(RSM-NMSZ 1991055, paratypes). This material was obtained from a large 
sunken log of Coriaria arborea (Tree Tutu), ata depth of 1075-1100m, off White 
Island (37° 23.7’S, 177° 39.5-36.6’E), east of North Island, New Zealand, by the FV 
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“Kalinovo”, 23 Nov. 1981, Stn BS 924 (K01/019/81). The chitons had been fixed in 
formalin solution and stored in 70% alcohol. 

Valves were carefully dissected out from individual animals and then prepared 
for examination in one of several ways. For light microscopy, valves were 
examined by both direct and transmitted light on a Zeiss Stemi SV8 binocular 
microscope. Decalcified valves were prepared by treating with 5% disodium 
ethylenediaminetetra acetate (EDTA) solution until the calcareous material was 
solubilised. The organic matrix containing the aesthetes was mounted on a 
microscope slide in lactophenol solution to form a temporary mount. These were 
then examined on a Reichert Zetopan photo-microscope. 

For Scanning Electron Microscopy (SEM), when ventral or eave features were 
to be examined, pre-treatment of the valves with 5% KOH solution for 12 h was 
used to remove remains of tissues before dehydration and ultrasonic cleaning. 
Otherwise, valves were dehydrated through an acetone-alcohol series and cleaned 
ultrasonically for 10 sec prior to mounting on stubs. Treated valves were finally 
mounted on aluminium stubs and coated with gold palladium in a Polaron 
Equipment Ltd SEM Sputter coating unit E-5000. Specimens were examined at an 
accelerating voltage of 25kV on a Jeol JSM35 Scanning Electron Microscope. 

Samples of girdle for SEM examination were dissected out and prepared as 


described for examination above but without prior treatment with either EDTA or 
KOH solutions. 


Valve Morphology 


Xylochiton xylophagus typically has 8 valves which are rounded dorsally and of 
low elevation; one specimen was observed to have the left side of the 7th and 8th 
valves fused. The valves are strong, totally lacking in gross sculpture, and white in 
colour with darker spots visible in transmitted light (Figs 1,3), representing the 
positions of the aesthete groups described later. The tegmentum is seen in fractures 
(Fig. 2) to have a granular crystalline structure typical of this layer in other chitons, 
and through which the main aesthete channels run. The articulamentum (Fig. 2) 
has crossed lamellar crystalline structure, again typical of this layer in other species. 
There is a thin hypostracum visible also. 

Theanterior valve (Fig. 1) hasa length:breadth ratio (L:B) of 0.5, and issmooth 
except for weak growth lines and evenly distributed granules which are the 
unpigmented aesthete groups. This valve bears small, unslit but distinctly 
corrugated insertion plates (Fig. 4) which are best developed on the fronto-lateral 
edges of the valve. The ventral surface bears occasional holes which are entry points 
for aesthete canals. 

The intermediate valves (Fig. 3) are all weakly beaked with the posterior margin 
very slightly convex: the anterior margin is clearly concave with well developed 
sutural laminae which extend posteriorly into very small, weak insertion plates. 
The dorsal surface is undifferentiated, and only weak, concentric growth lines and 
the aesthete groups relieve the smooth valve surface. Valve 2 is approximately the 
same length as valve 1, but valves 3-7 are distinctly shorter in length. The ventral 
surface bears holes in the jugal area which are the openings for aesthete channels, 
and the tegmentum wraps under the posterior edge (Fig. 5) to forma distinct fold. 
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Figures 1-7. 


1. Dorsal surface of the anterior valve. 2. SEM of dorso-ventrally fractured shell surface 
revealing the distinct boundary (b) between the granular tegmentum (T) and the 
plate-like appearance of the articulamentum (A). 3. Dorsal surface of intermediate 
valve 3. 4. SEM of the corrugated insertion plate found on the fronto-lateral areas of 
the anterior valve. 5. Ventral surface of intermediate valve 3 showing the distinct 
posterior fold. 6. Dorsal surface of the posterior valve showing growth lines. 7. SEM 
of posterior valve to show the thickened callus on the posterior ventral (V) surface. 
Scales in um. 
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The posterior valve (Fig. 6) is similar in dimensions to the anterior valve, but 
bears strong sutural laminae and a distinct central mucro. Sculpturing is again 
lacking except for the concentric growth lines and the aesthete granules. The 
ventral surface is penetrated by a series of holes which are aesthete channel 
openings, and the articulamentum forms a thickened callus around the entire 


posterior margin (Fig. 7). 


Microsculpture of the dorsal valve surface 

The outer surface of the valves in small animals has a distinct periostracal 
covering (Fig. 8), but in larger animals this is less distinct although visible on and 
around the aesthete structures (Fig. 10). 

The dorsal valve surface bears no significant macrosculpturing other than that of 
broad growth lines visible on all valves. However, there is significant 
microsculpturing associated with both growth processes and the presence of 
aesthete groups. Figure 9 shows parallel microgrowth lines and the regularly 
arranged aesthete groups typical of this species, there being only minor and 
localised variations in this distribution pattern on all valves. The aesthetes have an 
average density of about 260/ mm? (п = 10; s.d. = £12) in alternating rows forming a 
roughly diamond-shaped distribution pattern, with an average 
megalaesthete:micraesthete ratio of 1:7 (n = 100). 

The principal aesthete components in X. xy/ophagus comprise typical elements: 
aseries of mantle extensions entering from the lateral and anterior valve eaves form 
multiple branch channels (Baxter and Jones, 1981) which run horizontally through 
the tegmentum, giving off more or less vertical branches at regular intervals, each of 
which ends in a large megalaesthete chamber. A few jugal area type channels 
running vertically through both articulamentum and tegmentum are found on all 
valves. A single large apical cap extends from the megalaesthete chamber to the 
valve surface, together with a number of much smaller micraesthete branches 
which also terminate at the surface in micraesthete (subsidiary) caps. No 
comparison of the internal structure of megalaesthete or micraesthete components 
was possible due to the inappropriate fixation for TEM studies: light microscopy of 
wax sections did not indicate any significant differences from the generalised 
structures described by Boyle (1974). However, the surface structures and 
arrangements are of particular interest since they are apparently unique to these 
deep-water animals. 


M Figures 8-13. 8. SEM of valve surface ofa very small animal with a thick and distinct periostracum 
intact over the valve surface. Note that the subsidiary caps (Sc) at this stage are not 
fully developed (Ac - apical cap). 9. SEM of surface of anterior valve showing the 
microgrowth banding and the aesthete groups in a regular diamond-shaped 
arrangement. 10. SEM of the apical cap of a fully developed aesthete group to show 
the perforated structure of the apical cap (Ac) and the residual parts of the 
periostracum (p) typically visible on and around the aesthete groups. 11. Extreme 
enlargement of the surface of the apical cap (Ac) to show the apparent protrusion of 
blebs of material from the perforated apical cap surface. 12. SEM of aesthete group 
viewed laterally to show the erect nature of the subsidiary caps in each aesthete group 
(Ac=apical cap). 13. SEM showing the impact of short-term exposure of the valve to 
KOH solution. The result is the partial collapse of the subsidiary caps (Sc) and the 
exposure of the perforated nature of the apical cap (Ac). Scales in um. 
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Each aesthete group comprises a slightly domed apical cap (Fig. 10), roughly 
circular in structure and averaging some 15um in diameter: this cap is typical of 
those described for other species, being perforated in structure and with some 
evidence of secretory activity being visible in the form of blebs of material : 
apparently being extruded (Fig. 11). The apical cap is surrounded by an almost 
semi-circular group of between 4 and 9 erect subsidiary caps (Figs 9, 12) which 
project up to 174m above the valve surface and have a basal diameter of up to 
101m: these caps decrease in size towards the outer edge of each group and are 
always disposed towards the valve margin. 

The subsidiary caps tend to shrink and collapse when treated with KOH solution 
(Fig. 13), and when seen in transverse section (Fig. 14) they reveala clear annular 
structure with a distinct organic lining. Whether the caps are composed solely of 
organic matter is uncertain. The micraesthete cell body is absent due to the effects 
of processing for the SEM. The erect caps appear to have been produced by 
addition of material secreted outwards from the tip of each structure (Fig. 15), a 
conclusion substantiated by the observation that the subsidiary caps are very much 
lower in height on the growing edge than in older areas of the valves. 

Shell growth 

Shell growth in X. xylophagus is typical of that found in chitons from shallow 
water in that growth takes place mainly on anterior and lateral edges. There are 
both broad, uniformly spaced rings, possibly representing annual or spawning 
rings, as well as microgrowth bands seen under the SEM (Fig. 9). The latter form 
concentric bands following the growth patterns of each valve. The microgrowth 
bands are irregular in size and spacing, but clearly represent short-term variations 
in the biochemical processes used for laying down shell materials. 

Girdle structure 

The most striking feature of the girdle of X. xylophagus is that the ventral 
surface is devoid of any spiculation (Fig. 16), while the dorsal surface is densely 
spiculose with numerous, flattened boat-shaped spicules (Fig. 17). These spicules 
are 50-85um long and 15-23um wide, being more elongate towards the outer edge 
of the girdle. The spicules are orientated dorsally and are slightly concave on the 
inner surface, and the tips are weakly ridged (Fig. 17). 

Sparse hair-like structures occur at random throughout the dorsal girdle (Fig. 
18) and may be up to 100um long and 12um wide. The tips are markedly worn in all 
except the youngest examples where the tip appears to bifid (Fig. 18). The entire 


<q Figures 14-18. 14. SEM section through a subsidiary cap showing the annular nature of the 


nd the organic lining of the cavity, normally 
occupied by the micraesthete body. 15. SEM of aesthete group to show the flowing 
nature of the subsidiary cap (Sc) growth layers (Ac = apical cap). 16. SEM of the 
ventral surface of the girdle (V) showing its lack of spiculation and the elongate 
shape of the spicules at the periphery of the dorsal girdle surface. 17. SEM showing 
the spiculation of the dorsal girdle surface. 18. SEM detail ofa portion of the dorsal: 
girdle surface showing the spicules protruding from the cuticular covering of the 
girdle and showing the sparse, hair-like structures at two stages of development: the 
older one (O) can be clearly seen to have an articulated basal region while the 
younger stage (y) can be seen to have a bifid tip. Scales in um. 


material forming the erect walls a 
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structure projects from a short, 2-3um wide stalk which appears to confer a 
flexibility to the structure which may have a sensory function. 


DISCUSSION 


The function of aesthetes has been the source of speculation and debate for many 
years. The original hypothesis relating to their functioning as light receptors 
(Mosely, 1885) is certainly valid for those species bearing specialised groups of 
aesthetes such as in Callochiton septemvalvis (Montagu, 1803) (Baxter and Jones, 
1984 as C. achatinus), Chiton ( Diochiton) marmoratus Gmelin, 1791 (Haas and 
Kriesten, 1978) and Onithochiton neglectus Rochebrune, 1881 (Boyle, 1969). 
Others have considered the structure of more generalised aesthetes such as in 
Rhyssoplax olivacea (Spengler, 1797) (Fischer and Renner, 1978 as Chiton 
olivaceus) and Lepidopleurus cajetanus (Poli, 1791) (Fischer, 1988) to contain 
photoreceptor cells also. An alternative hypothesis relating to a more generalised 
periostracum secreting function has been suggested by workers such as Baxter et al. 
(1987) for Tonicella marmorea (Fabricus, 1780), and attempts to account for the 
fact that where specialised aesthetes for light reception do occur, they only account 
for a relatively small proportion ofthe total aesthete complement, which probably, 
therefore, has a different function. 

The subsidiary caps of X. xylophagus are very different from any yet described 
for other species of chitons, although initial observations by the authors suggest 
that erect subsidiary caps may also be found around the periphery of valves of 
another deep-water species, Ferreiraella caribbensis Sirenko, 1988 (family 
Abyssochitonidae). The functional significance of these erect subsidiary caps 
remains to be established, but their existence in at least 2 deep-water groups raises 
interesting questions with regard to both function and taxonomic status. More 
comparative SEM is needed on the deep-water species to determine how wide- 
spread such features may be. 

The existence of distinct macro- and microgrowth lines is also of particular 
interest for a species apparently living and feeding on waterlogged wood in deep 
(700m) water where relevant environmental cues would be difficult to identify, 
although seasonality in the deep sea is increasingly evident (Gage and Tyler, 1991). 
Microgrowth bands in shallow-water molluscan species (Richardson et al., 1979) 
have always been related to tidal or day-length features, but their existence in 
deep-water chitons suggests that they may be an inherent biochemical feature of 
shell production, at least in these animals. The macro-growth bands are of 
undetermined frequency, and although they could be annual, they could equally be 
related to reproductive periods; their regularity would seem to rule out disturbance 
as a cause. 

The stomach and intestine of all specimens of X. xylophagus examined were 
filled with very small wood fragments and a homogeneous material of 
undetermined origin. It is likely that wood is the primary material ingested, but 
whether or not the animals are capable of digesting the wood remains 
undetermined: the presence of apparently undamaged wood fibres in the posterior 


intestine suggests that the nutrition may be being obtained by the digestion of 
associated microflora/fauna rather than of the wood itself. 
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ABSTRACT 


Skeletal ossicles of brittle stars were found in gut contents of Craspedochiton 
sp. and C. pyramidalis, both of which have an anteriorly expanded girdle. 
The results of morphological comparisons of these species with Placiphorella, 
which is known to bea carnivore with active trapping behaviour, suggest that 
these two Craspedochiton species have a similar active carnivorous habit 
which evolved independently. 





INTRODUCTION 


The genus Craspedochiton of the family Acanthochitonidae has a large anterior 
expansion of the girdle similar to that seen in the genus Placiphorella of the family 
Mopaliidae. McLean (1962) observed that Placiphorella velata (Carpenter MS) 
Dall, 1879 uses the expanded girdle to catch small, moving amphipods by abruptly 
clamping down the girdle, although they also feed in grazing manner like a typical 
chitonas well. Because of the similarity of structure of the girdle, we suspected that 
Craspedochiton has similar feeding habit to Placiphorella. However, except fora 
brief note by Watters (1991), no report on the feeding habit to Craspedochiton is 
available. The purpose of this study is to report on the feeding habits of 
Craspedochiton by morphological comparison with Placiphorella and by 
examination of gut contents. 


MATERIALS 


Living Craspedochiton were not observed. We examined the follo 
specimens, all of which were collected from Japanese waters: 

Craspedochiton pyramidalis (Is. Taki, 1938) (Fig. LA): Body length (BL) ca. 40 
mm collected in water depth ca. 60 m, off Tomioka, Amakusa, Western Kyushu (in 
Amakusa Marine Biological Station, Kyushu University); BL ca. 26 and 21 mm, 
water depth unknown, off Ushibuka, Amakusa; BL ca. 18 and 17 mm, in water 
depth 90 m, Omurodashi Bank near Izu Oshima, Pacific side of central Honshu. 

Craspedochiton sp. (Fig. 1B): BL ca. 24 mm, in water depth 30-40 m, off 
Ushibuka, Amakusa, Western Kyushu. 


wing preserved 


MORPHOLOGICAL COMPARISON 
Expansion of the girdle is conspicuous when viewed from the ventral side in both 
Craspedochiton and Placiphorella (Fig. 2). In Craspedochiton, the ventral surface 
of the anterior area of the girdle is flat and covered with oval scales (Fig. 3A). In 


Placiphorella there are many papillae or vermicular processes with scattered spines 
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Figure 1. Dorsal view of animal. A. Craspedochiton pyramidalis, body length ca. 17 mm; 
B. Craspedochiton sp., body length ca. 24 mm. 


(Fig. 3B). These spines vary in size and density among different species, being 
absent or extremely minute in Placiphorella borealis Pilsbry, 1893 (Saito & 
Okutani, 1989), and are long and tufted in P. atlantica (Verill & Smith, 1882) 
(Leloup, 1942). These papillae with spines or spinous tufts may help to immobilize 
the prey. No such papillae are found in Craspedochiton. 

The ventral side of the girdle has conspicuous colour in both Craspedochiton 
and Placiphorella, unlike the usually whitish ventral side of most chitons. 
Craspedochiton has brownish maculations and Placiphorella has an orange or 
reddish cast. McLean (1962) stated that the colour of Placiphorella matches the 
reddish colour of coralline algae. Such a colour may work somehow when animal 
lifts up the girdle. The source of coloration varies between Craspedochiton and 
Placiphorella. 1п the former, it is due to the colour of scales ог spicules, so that the 
colour is retained for a considerable period of in preserved specimens. In 
Placiphorella, reddish pigment present in the tissues fades soon after preservation. 

Extensions of the anterior portion of the pallial fold are found in both 
Craspedochiton and Placiphorella (Fig. 2). The extension of Craspedochiton is so 
wide that mouth is often concealed under the fold when the specimen is preserved 
(Fig. 2A). There are many large leaflike scales around this area (Fig. 2A), which are 
distinctly larger than ordinary scales, and curve inwardly with many fine grooves 
on their surface (Fig. 3C). Their function has not been determined. In 
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Placiphorella, this portion of the pallial fold is extended when the animals lifts up 
the girdle, and is surrounded by fingerlike projections (or precephalic tentacles) 
(Fig. 2B) which are used in manipulation of prey (McLean, 1962). 

The foot is considerably reduced in both Craspedochitonand Placiphorella (Fig. 
2), suggesting they are sedentary animals. the ‘homes’ of sedentary Placiphorella 
are often hollowed. When Craspedochiton pyramidalis are removed from a 
coralline stone the underlying surface is whitish, suggesting this species is also 
sedentary. 

A pronounced and common feature in the radula of Craspedochiton and 
Placiphorella is a small head of the major lateral tooth. The head is small in both 
length and width. Compared to Acanthochitona rubrolineata (Lischke, 1873) (Fig. 
4C), the major lateral tooth of Craspedochiton is more similar to Placiphorella _ 
than Acanthochitona. This is the same in Placiphorella compared with Mopalia 
seta (Yakovleva, 1952) (Fig. 4D). Gut contents of A. rubrolineata are chiefly algae, 
but sometimes contain foraminiferans, ostracods, gastropods and sand grains, 
those of M. seta are foraminiferans, sponge spicules, algae and sand grains (Saito 
pers. obs.). Mopalia hindsii ((Sowerby MS) Reeve, 1847) has been known to feed 
on more animal materials (Barnawell, 1960). These Acanthochitona and Mopalia 
species feed to a greater or lesser extent on animals, however, they graze rather than 
trap the prey like Placiphorella. 

Craspedochiton and Placiphorella both have large stomachs and simple 
posterior intestines compared with other acanthochitonids and mopaliids (Fig. 5). 





Figure 2. Ventral view of animal. A. Craspedochiton pyramidalis, body length ca. 17 mm; 
B. Placiphorella stimpsoni, body length ca. 40 mm. 
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Figure 3. Ventral side of girdle. A. Craspedochiton pyramidalis, body length ca. 18 mm; B. 
Placiphorella stimpsoni, body length ca. 45 mm, surface on papilla; arrow in drawings 


indicates enlarged portion; C. leaflike scales of Craspedochiton pyramidalis, body length 
ca. 18 mm; scale lines: 100 um. 
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Figure 4. Major lateral tooth, lateral view. A. Craspedochiton pyramidalis, body length ca. 40 mm; 
B. Placiphorella stimpsoni, body length ca. 45 mm; C. Acanthochitona rubrolineata, 
body length ca. 25 mm; D. Mopalia seta, body length ca. 37 mm; scale lines: 100 дт. 


The stomach of Craspedochiton is smaller than that of Placiphorella, the stomach 
is voluminous and has no ventral constriction (Fig. 5B). The deep constriction of 
Craspedochiton may increase its stomach capacity. 


OBSERVATION OF GUT CONTENTS 


Craspedochiton pyramidalis: 

1. BL 40 mm - Skeletal ossicles of a brittlestar of the genus Ophiothrix, probably 
O. (Ophiothrix) panchyendyta H.L. Clark, were present in gut contents. The 
ossicles comprise fragments of the disk and arms, suggesting that the chiton 
ingested an entire brittlestar estimated from the length of radial shield (Fig. 6A) to 
have a disk diameter of 6-7 mm. 

2. BL 26 mm - Claws or chelipeds and other fragments of the exoskeleton of an 
unidentified decapod (Fig. 6B). 
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Figure 5. Alimentary canal, dorsal view, ventral view of stomach and pathway of posterior 
intestine. A. Craspedochiton pyramidalis, body length ca. 40 mm; B. Placiphorella 
stimpsoni, body length ca. 45 mm; C. Acanthochitona rubrolineata, body length ca. 25 
mm; D. Mopalia schrencki, body length ca. 31 mm; scale lines: 5 mm. 
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Figure 6. 
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Р 8 id EUM ш * ра 
Gut contents. A-D. Craspedochiton pyramidalis, Е. Craspedochiton sp. A; body length 
40 mm, skeletal ossicles of a brittle star; B. body length ca. 26 mm, exoskeleton of an 
unidentified decapod; C. body length ca. 18 mm, fragments of annelids; D. body length 
ca. 21 mm, sessile animals and sand grains; E. body length ca. 24 mm, skeletal ossicles of a 


brittle star; scale lines: | mm. 
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3. BL 18 mm - Fragments of annelids (Fig. 6B). 
4. BL 21 mm - Foraminiferans, pieces of coral skeleton, bryozoans, sand grains 
and other unidentified particles (Fig. 6D). 


Craspedochiton sp.: 

BL 24 mm - The stomach contents included skeletal ossicles of a brittle star of the 
genus Ophiogymna, probably O. elegans Ljungman or O. fulgens Koehler, 
foraminiferans and sand grains. Like the previous example, both the disk and arms 
of a brittle star were found (Fig. 6E). 


DISCUSSION 


Two modes of feeding, that is, trapping and grazing have been known in 
Placiphorella (McLean, 1962). Analysis of gut contents suggests that 
Craspedochiton is also both a carnivorous and grazing species. Craspedochiton 
has not been observed catching mobile prey, but gut contents and several 
morphological characters in common with  P/aciphorella suggest that 
Craspedochiton also clamps down on the girdleto hold down prey. The extension 
of the anterior portion of the pallial fold and the expansion of the girdle are the 
most important characters supporting this inference. McLean (1962) observed in 
Placiphorella that the pallial fold is extended when animal lifts the girdle. The 
extended pallial fold of Craspedochiton may be used in the same way. Several 
structures in addition to the pallial fold, such as the small foot, small head of major 
lateral radular tooth, large stomach and simple intestine, are all common features 
between Craspedochiton and Placiphorella. 

Another example of active trapping behaviour in chitons was reported by 
Ludbrook and Gowlett- Holmes (1989) in Loricella angasi (Н. Adams in H. Adams 
and Angas, 1864) of the family Schizochitonidae. They reported that L. angasi 
feeds mainly on amphipods by rapidly clamping down the girdle. The girdle of L. 
angasi is also enlarged like those of Craspedochiton and Placiphorella. Moreover, 
similar specializations, that is, fringes around the mouth and a small foot were 
found on the ventral side of Loricella. The fact that the mouth is distinctly 
separated from the foot may be related to ingesting a trapped animal. 

These three distinct genera, namely, Craspedochiton, Loricella and 
Placiphorella, all have morphological characters that are related to similar feeding 
habits. When the characters were compared in detail, however, they were found to 
be rather different devices used for the same purpose. Therefore, this feeding is 
regarded as in independent acquisition in their lineages, rather than an inherited 
character from a common ancestor. 
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ABSTRACTS OF OTHER PAPERS AND POSTERS 
PRESENTED AT THE SYMPOSIUM. 


Faecal pellets and food habits of chitons 
(Polyplacophora: Mollusca). 


K.Y. Arakawa 


Fisheries Division, Agriculture Department, Hiroshima Prefectural Government, 
Hiroshima 730, Japan. 


The faecal pellets of chitons are shed in the forms of spheroid, ovoid or ellipsoid 
with no surface sculpturings. They are quite simple in external characteristics, but 
show to some extent generic or specific differences in proportion of length to 
breadth of the pellets. Clear-cut distinction is demonstrated between the pellets 
shed by carnivorous mopalids and those of debris feeding chiton groups. 


Mapping of the radula of chitons (Mollusca: Polyplacophora) 
using X-ray micro analysis: a preliminary report. 


J.P. Buys and A. van Sliedregt 


Department of Biomaterials, University of Leiden. Corr.: P.O. 
The Hague, the Netherlands. 


Box 84222, 


It is generally known that the black cusp of the major lateral radula teeth of chitons 
contains large amounts of iron. This is easily verified by keeping a magnet close to 
the radula. In this study the radula of Katharina tunicata (Wood, 1815) was 
prepared for X-ray microanalysis to analyze the present elements. 
The radula, which was initially air dried, was cleaned in aqua dest using ultra 
sone sound waves. Two lateral teeth were dissected and mounted on an adhesive . 
carbon tape. The samples were sputtercoated with a thin layer of carbon and 
examined in a scanning electron microscope (Philips 252 SEM)at an accelerating 
voltage of 15 kV. For identification of the elements, X-ray microanalysis was 
performed with a Tracor Northern X-ray microanalyser connected to the SEM. A 
mapping for the elements iron and aluminium of both sides of the black cusp of the 
lateral tooth was performed using the VOY AGER image processing package. 
The presence of iron was evidently confirmed and the presence of other eleme 
were below the detection level for match-identification by the program. The 
mapping indicated that iron was uniformly distributed over the cusp. Aluminium 
was only slightly more indicated in the cusp as compared to the background. This 


nts 
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technique offers an advanced opportunity to examine various tissues of a species 
on the presence of different elements. А 

The laboratory for Electron Microscopy, University. of Leiden Is greatly 
acknowledged for the use of SEM and X-ray microanalysis equipment. 


Brooding characteristics of Chiton aorangi. 


R. G. Creese 
University of Auckland, Leigh Marine Laboratory, R.D.5 Warkworth, 
New Zealand. 


Chiton aorangiis a small (up to 12 mm long), species that has been collected to date 
from only 4 widely-separated offshore islands in northern New Zealand. On these 
wave-exposed islands, it replaces the widespread, mainland species Chiton 
pelliserpentis in mid-intertidal habitats. C. pelliserpentis is a large (up to 50 mm 
long) broadcast spawner, but C. aorangiis a brooder. Brooding female C. aorangi 
can be found at all times of the year. Between 16 and 50 large eggs (0.4 mm 
diameter) are brooded, and development within the pallial grooves progresses right 
through to 8-plated, crawling juveniles in approximately 16 days. As a result, C. 
aorangi has a highly clumped distribution pattern on a localised scale, with many 
juveniles clustered around a few adults. The reproductive pattern of C. aorangi is 
compared to other brooding chitons, and the problems of effective dispersal to 
other localities are discussed. 


Abundance patterns of chitons in northeastern New Zealand. 


R. G. Creese and G. N. Mortimer 


University of Auckland, Leigh Marine Laboratory, R.D.5 Warkworth, New 
Zealand. 


Seventeen species of chiton are commonly encountered in shallow water areas of 
northern New Zealand. Quantitative surveys of intertidal and subtidal habitats 
revealed that 3 species were exclusively intertidal. Four were exclusively subtidal 
and 10 could be found in either region. Abundances were highest in areas of loose 
cobbles, where densities often exceeded 200 chitons per m?. Here, /schnochiton 
maorianus accounted for over 50% of the total chiton fauna at all heights on the 
shore and at depths down to 15 m subtidally. With the exception of Amaurochiton 
glaucus, which usually reached peak abundance in water —5m deep, all species 
were patchily distributed with no consistent depth-related patterns in abundance. It 
is concluded that most of these species of chiton are generalist grazers, and that 
their local abundance patterns reflect chance episodes of recruitment. 
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Controlled deposition of minerals in chiton radula teeth. 


L. A. Evans, D. J. Macey, J. Webb and T. J. St. Pierre. 
Physical and Biological Sciences, Murdoch University, Perth, Australia. 


Both iron (as magnetite, lepidocrocite and goethite) and calcium (as apatite) 
biominerals are found in architecturally discrete compartments in the teeth of the 
chiton Acanthopleura hirtosa. The various biominerals are laid down on a 
preformed and complex organic matrix composed of chitin and protein which 
differs in structure according to where in the tooth it is located. Thus the matrix in 
the iron (posterior) region consists of relatively sparse fibres while in the calcium 
(anterior) region the matrix forms a complex pattern of parallel tubules 
interconnected by fibrous bridges. It is suggested that the structure of the organic 
matrix both controls the form of the final mineral product and gives mechanical 
properties to the tooth which enable it to form an effective structure for the 


excavation of hard substances. 


Neurosecretion plays the predominant role in the nervous system 
of chitons. 


Franz Peter Fischer 


Institut für Zoologie, Technische Universitat Munchen, Lichtenbergstrasse 4, 
W-8046 Garching, Germany. 


very primitive among the molluscs; it consists 
and behind 


Ganglionic 


The nervous system of chitons is 
mainly of four primitive cords which are connected around the head 
the anus by larger nerve cords and in between by numerous nerves. 
swellings in the radular region do not differ in their structure and ultrastructure 
from the large cords. Unambiguous ganglia do not exist. There are also no 
indications of segmentation in the nervous system of chitons. This observation is 
especially important in the controversial discussion on segmental ancestors of the 


molluscs. 
In all parts of the nervous system there are larger and smaller nerve profiles. The 
icles. The smaller ones run in 


larger ones are filled with various neurosecretory ves! 
groups towards the different organs. A system of gliointerstitial cells links the nerve 
endings with e.g. muscle cells, sensory epithelial cells and other tissues. The most 
puzzling feature is the absence of any junction-like structures, either among the 
muscle cells themselves or, most important, between muscle and nerve cells. 
Especially the "fast muscle" cells are isolated from each other by collagenuous 
sheets. No nerve process, even no process of the gliointerstitial system which is 
discussed to mediate between the nervous system and other organs was found 
within the fast muscle. No structural indications for true synaptic contacts have 
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been found within the nervous system as well as to other cells even in serial sections 
of larger areas. . 

These unusual ultrastructural findings give a hint for the dominant role of 
neurosecretion in chitons. It has been proposed that neurosecretion was the initial 
function of neurons. In this case, the chitons retained also functionally a very 
original type of nervous system. 


Redefinition of Notoplax H. Adams, 1861, and recognition of 
Pseudotonicia Ashby, 1928. 


K.L. Gowlett- Holmes 
South Australian Museum, Adelaide. 


The genus Notoplax is redefined, and restricted in definition from the broad sense 
previously used by recent authors. Notoplax s.s. appears to be restricted to 
Australia and New Zealand. 

The monotypic genus Pseudotonicia, endemic to New Zealand, which was 
previously considered a synonym of Notoplax, is recognised as a distinct genus and 
defined. The sole member of this genus, P. cuneata, is reviewed and redescribed, 
and its habitat given. Similarities between Pseudotonicia and the Australian genus 
Bassethullia are discussed. 


Valve & girdle structure in the chiton Pseudotonicia cuneata 
(Acanthochitonidae). 


A.M. Jones, K.L. Gowlett-Holmes* and M. Sleeman 


Dept. of Biological Sciences, University of Dundee, Scotland and *South 
Australian Museum, Adelaide, Australia 


Light and scanning electron microscopy of the valve and girdle structures of the 
chiton Pseudotonicia cuneata is presented. An unusual girdle structure is reported 
in which the spicules are arranged around the periphery of sub-surface vacuolated 
cavities of uncertain function. The general structure of the valves is described 
together with the distribution of the different types of aesthete channels. 
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Plio-Pleistocene chitons (Mollusca: Polyplacophora) of 
southern Florida. 


W. G. Lyons 
Marine Research Institute, St. Petersburg, Fla., U.S.A. 


Nearly 1,600 loose chiton valves have been examined from strata ranging in age 
from 3.5-3.0 m.y. (middle Pliocene) to 1.7-1.0 m.y. (early Pleistocene) in southern 
Florida. The specimens represent 14 species in the genera Callistochiton (1), 
Ischnochiton (3), Stenoplax (1), Chaetopleura (D, Tonicia (1), and 
Acanthochitona (5), as well as a single valve of unknown affinity. Representatives 
of all of the named genera also occur in the Recent fauna of Florida. Three of the 
four species that are numerically dominant as Pliocene fossils are also common in 
the Recent fauna, but most of the other species are undescribed, suggesting that 
they perished during the several extinction events near the Pliocene-Pleistocene 


boundary that so changed the Florida fauna. 


Grazing effects of a chiton on sessile organisms. 


S. Nishihama 


Amakusa Marine Biological Laboratory, Kyushu University, 223 Tomioka, 
Reihoku-cho, Amnakusa-gun, Kumamoto-ken, 863-25, Japan. 


To examine the grazing efficiency of the chiton, Acanthopleura japonica, on sessile 
organisms, laboratory and field experiments were carried out. In aquarium, 
grazing abilities of the chitons were estimated by the number of barnacles dislodged 
per day. It was revealed that larger chitons tend to graze and bulldoze more 
barnacles. In the field, density and size of the chiton were manipulated by caging. 
Under higher pressure of grazing (increase in density and/or size of the chiton), . 
abundance of sessile organisms had a tendency to decrease. But under moderate 
degree of grazing, competitively inferior species increased. The chiton grazing is 
regarded as one of the organizing factors of rocky shore communities. 


The low-shore algal community: an experimental study of 
grazing by chitons. 


N. M. Otway* 
Institute of Marine Ecology, University of Sydney, NSW, Australia. 


* Current Address; Fisheries Research Institute, P.O. Box 21, Cronulla, NSW, 
Australia. 


The low-shore algal community along the rocky intertidal shores of New South 
Wales is dominated by foliose macroalgae, solitary ascidians and the macroalgal 
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grazing chitons Plaxiphora albida and Onithochiton quercinus. j The effects of 
grazing by these large, abundant chitons was evaluated by monitoring the changes 
to the community following their experimental removal. On a large spatial scale, 
the changes were limited to an increase in the combined cover of macroalgae. Ona 
small spatial scale, the cover of macroalgae increased markedly inthe experimental 
areas compared to the controls. However, these changes were restricted to the 
tunics of Pyura and the substratum immediately surrounding these ascidians. The 


role of herbivory as a structuring force in this community are discussed in light of 
these results. 


On the type of arrangement of gills and the shape of processes 
of the chorion in chitons of the Order Chitonida. 


B. I. Sirenko # 
Zoological Institute, USSR Academy of Sciences, St Petersburg. 


Only species having one gill behind the nephridiopore should be regarded as ones 
with an abanal gill type. All other species which have 3 or more gills behind the 
nephridiopore belong to the adanal gill type. As a result of a comparison of shape 
of the chorion processes with the types of gill arrangement, a correlation between 
these has been revealed. As it turned out, species of the Chitonida with numerous, 
delicate, long processes of the chorion have adanal type gills, whereas species of the 
same order with few, large, bulky processes of the chorion have abanal type gills. 
# Presented by K.L. Gowlett-Holmes. 


The Polyplacophora of the Red Sea. 


H. L. Strack 
Nobelstraat 101b, 3039 SL Rotterdam. The Netherlands. 


This paper reviews the Red Sea chiton fauna and discusses the 23 species thusfar 
recorded. One new species is described; Leptochiton (Parachiton) n. sp. and one 
species is néw for the Red Sea fauna; Leptochiton nierstraszi Leloup. 

As far as chitons are concerned, the Red Sea does not constitute a separate 
zoogeographic entity, but is part of the tropical western Indian Ocean 
zoogeographical province. Only three species [L. (P.) n. sp., Tonicia (Lucilina) 
perligera Thiele and Acanthochitona mastalleri Strack] are endemicto the Red sea. 
Lessepsian migration (from Red Sea to Mediterranean) is a rare phenomenon and 
only one case [Chiton (Tegulaplax) hululensis (E.A. Smith)] has been recorded. 
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There are no reliable records of antilessepsian migration. All previous records are 
due to misidentifications by Leloup. 

Although the northern Red Sea chiton fauna is now relatively well understood, 
the chiton fauna from the southern part of the Red Sea remains largely unknown. 
Only 2% of the studied material originated from that area, therefore we are unable 
to indicate how many western Indian Ocean species penetrate into the Red Sea and 
to what extent. 


Summary of the results of the Rumphius Biohistorical 
Expedition. 


H.L. Strack 
Nobelstraat 101b, 3039 SL Rotterdam. The Netherlands. 


In December 1990, the Rumphius Biohistorical Expedition returned after six 
weeks of marine biological research on Ambon Island (Moluccas, Indonesia). 
During this expedition one ofthe largest collections of chitons from Indonesia was 
made. Some preliminary results will be discussed. 


Triplicatella disdoma Conway Morris, 1990, reinterpreted as the 
earliest known polyplacophoran. 


A.M. Yates, K.L. Gowlett- Holmes, and B.J. McHenry. 


Department of Geology, University of Adelaide, South Australia, and South 
Australian Museum, Adelaide. 


Triplicatella disdoma from the Lower Cambrian Parara and Ajax Limestones of 
South Australia, was described as a probable operculum of an undiscovered 
tubular fossil. The complete absence of any shelly fossil whose aperture T. disdoma 
fits, despite itself being common, makes an opercular function unlikely. Re- 
examination has led to the interpretation of T. disdoma as a chiton, the earliest one 
known in the world. Three distinct valve morphs can be recognised, with the two 
presumed terminal valve morphs being much rarer. The valves lack an 
articulamentum, and do not resemble those of the Paleoloricata. Only preliminary 


work on T. disdoma has been done at this stage. 
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Spawning periods of three species of A canthopleura in Okinawa, 
Japan. 


E. Yoshioka 


Kobe Yamate Women’s Junior Collage, 6-5-2, Nakayamate-dori, Chuoku, Kobe 
650, JAPAN 


Three intertidal chitons inhabit the same rocky shore of Sesoko Island, Okinawa. 
They spawn eggs in summer, and their eggs can be distinguished each other by their 
shapes and colors. 

Plankton near the rocky shore was collected 660 times for a month. The eggs of 
each chiton species appeared in particular and limited periods, which can be 
identified with their spawning periods. 

One spawns around morning high tide, and the others spawn around evening or 
night high tide. They spawn with daily and semilunar periodicity, and the periods 
are separated each other. This suggests that they share and yield suitable spawning 
periods for avoiding sperm contamination. 
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BOOK REVIEW 


Camaenid land snails from southern and southeastern South Australia, excluding 
Kangaroo Island by Alan Solem. Records of the South Australian Museum 
Monograph Series Number 2: 425 pages. ISSN No. 1035-7939 and ISBN No. 
0-7308-1885-3. Available from: South Australian Museum, North Terrace, 
Adelaide, South Australia 5000. $98 + $7 postage and handling (domestic) or $20 
(overseas). 

In 1976 Dr. Alan Solem of the Field Museum of Natural History in Chicago, 
USA began an examination of the systematics of camaenid land snails in Western 
Australia. Over the years the work expanded and expanded, eventually 
encompassing camaenids from virtually all ofthe Australian continent. Dr. Solem 
intended to publish the results of the work primarily as a series of seven 
supplements to the Records of the Western Australian Museum. Five of these, 
totalling nearly a thousand printed pages have been published, as have a number of 
smaller papers on other land snails collected during his fieldwork. Some of these 
papers have appeared in the Journal of the Malacological Society of Australia. 
Tragically, Dr. Solem died unexpectedly in February 1990, and the status of several 
large manuscripts was thrown into doubt. With the passage of two years several 
smaller papers have been published posthumously. Part УІ in the Records of the 
Western Australian Museum is in page proof. I believe there is a complete text of 
part УП and the remaining illustrations are being done in Chicago. It appears likely 
that these manuscripts will in fact be published. 

Another major manuscript, Camaenid land snails from so 
southeastern South Australia, excluding Kangaroo Island was recently published 
by the South Australian Museum as a part of their new monograph series. The 
staffs of the South Australian Museum and Field Museum of Natural History are 
to be congratulated on seeing this massive monograph, all 425 pages of it, through 
to publication. Publishing such a massive monograph is a difficult job at best, and 
without the author to check the various publication stages the job is even harder. 
All involved have done an excellent job in seeing that the work was published. 

Anyone familiar with Dr. Solem's work will readily recognize this volume as 
another of his prodigious efforts. The volume revises 54 species and subspecies of 
camaenid land snails belonging to 10 genera; 4 genera and 21 species and 
subspecies are described as new. In addition, a new subfamily, the Sinumeloniinae, 
is created. An illustration of the massive amount of information included is the fact 
that it is based on examination of 13,537 specimens. 

The book is divided into two distinct parts. Part | deals with systema 
distribution and variation. This section follows Dr. Solem's usual procedure of 
having a detailed synonymy of the species, comparative remarks with other species 
including shell, radula, and anatomy. Shells and anatomy, primarily of the 
reproductive system are backed by detailed illustrations and there are superb SEM 
photos of the radula. Illustrations are generally very good but were done over a 
period of time by more than one illustrator, and so vary somewhat in quality. 
Comprehensive tabular data are also given of shell dimensions. Museums where 
type material is deposited are given along with details of material examined. Full 
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information on the range of each species is presented, then a diagnosis and 
discussion of the species. One criticism is that a combination of miles and 
kilometers is used in the information on ranges. 

The systematics section alone justifies the purchase of the book by anyone 
seriously interested in land snails. The second section on biogeography and 
covariation, while much shorter, is of interest to a broader range of terrestrial 
biologists. It examines the evolutionary scenario in which the two subfamilies long 
ago invaded South Australia at different times and from different directions, then 
the consequences of the places where the species groups overlap. 

My primary criticism of the volume is the numerous pages of distributional 
maps drawn with the FLORAPLOT program. While the program allows the 
accurate mapping of distributions on virtually any scale, it is uninformative when 
placed on a blank sheet of paper. 

The book is a testament to the substantial work undertaken in Australia by Dr. 
Alan Solem over a period of almost a decade and a half. It is well worth purchasing. 
We can only regret it is one of the last major publications by this author. 

F. E. Wells 
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New species of Veneridae, Cardiidae, Crassatellidae, Tellinidae 
and Mactridae from Australia (Veneroida, Bivalvia, Mollusca) 


John Healy* and Kevin Lamprell 
Queensland Museum, PO Box 300, South Brisbane, Queensland 4101 


* Present address, Department of Zoology, University of Queensland, 
St. Lucia, Queensland, 4067. 


ABSTRACT 


Ten new species of veneroid bivalves from Australia are described including 
four species of the Veneridae (Pitar (Pitarina) marrowae, P.(P.) potteri, 
Dosinia lochi, Dosinia queenslandica), three species of Cardiidae 
(Acrosterigma kerslakae, A. punctolineata, Fulvia voskuili), a crassatellid 
(Talabrica donharrisi), a tellinid (Tellina (Abranda) jeanae) and a mactrid 
(Spisula (Notospisula) colganae). With the exception of Dosinia lochi which 
is known only from Boucaut Bay, Arnhem Land (type locality), all of the new 
species described occur in Queensland waters. Acrosterigma kerslakae, 
however, ranges south to Collaroy Beach, Sydney, New South Wales. 


INTRODUCTION 


Over the last ten years much of the focus on new molluscs from Australia has been 
on the Gastropoda. Despite this, a significant number of undescribed bivalves have 
also come to light during this period. As part of an on-going research program 
dealing with this extensive fauna, we describe herein ten new veneroid bivalves, 
most of which are shallow water, subtidal species from central to tropical 
Queensland. Some of these new species have been collected recently whilst others 
were discovered after scrutiny of existing Australian state museum holdings and 
comparison with type material. 


MATERIAL AND METHODS 


All specimens used in the present study derive from the collections of the 
Queensland Museum, Australian Museum and from the personal collection of K. 
Lamprell. All measurements were done by the authors using vernier dial calipers. 
Photographs were prepared by the photographic department of the Queensland 
Museum. 


ABBREVIATIONS 


AM, Australian Museum; QM, Queensland Museum; WAM, Western Australian 
Museum; MV, Museum of Victoria; lv., left valve; rv., right valve; pv., paired 
valves; NSW, New South Wales; NT, Northern Territory; Qld, Queensland; m, 
metres; M, established by monotypy; n.sp., new species; OD, original designation; 
SD, subsequent designation; Stn, station. 
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SYSTEMATICS 


The systematic arrangement at family, generic and subgeneric level follows that of 
the Treatise on Invertebrate Paleontology (Moore, 1969) except in the case of the 


Cardiidae where we have followed the generic diagnoses given by Wilson and 
Stevenson (1977). 


Order Veneroida H. Adams & A. Adams, 1856 
Superfamily Veneroidea Rafinisque, 1815 
Family Veneridae Rafinesque, 1815 
Genus Pitar Rómer, 1857 
Type species: Venus tumens Gmelin, 1791; M. 


Subgenus Pitarina Jukes-Browne, 1913 
Type species: Cytherea citrina Lamarck, 1818; OD. 


Pitar (Pitarina) marrowae n.sp. 


Plate la-d 
Description 


Shell ovate, equivalve, inequilateral (the anterior end of shell being less than one 
quarter of maximum length), well inflated, lightweight but sturdy; umbones 
prosogyrate; lunule well developed, heart-shaped, raised centrally, striate, defined 
by a faint impressed line; antero-dorsal margin short, slightly convex, sharply 
sloping, narrowly convex terminally; postero-dorsal margin slightly convex, gently 
sloping, evenly convex posteriorly; ventral margin evenly convex. Shell smooth 
with the exception of concentric growth ridges, eroded posteriorly. Periostracum, 
not observed. Ligament narrow, impressed, light brown in colour. Hinge of left 
valve with anterior lateral tooth well developed, peg-like, ventrally excavate; 
anterior cardinal thin, joined to median cardinal forming an inverted v-shape; 
posterior cardinal long, ridge-like, separated from the median cardinal by a deep 
pit; posterior lateral thin, parallel to nymph. Hinge of right valve with paired 
anterior lateral teeth (dorsal knob-like, ventral ridge-like); anterior cardinal short, 
narrow; median cardinal solid, bifid, triangular; posterior cardinal bifid, elongate; 
posterior lateral low ridge-like, remote. Muscle attachment scars well defined; 
anterior adductor scar teardrop-shaped, posterior adductor scar larger and more 
ovate. Pallial line thin, ragged. Pallial sinus wide, moderately deep, ascending, 
pointed terminally. External shell colouration cream-yellow with a broad purple 
ray extending posteriorly over one third of shell surface, umbones cream, 
escutcheon pale, surrounded by yellow and purple bands; internally white to cream 
with a purple stain limited to area of pallial sinus and posterior adductor scar; 
posterior margin brown. 


Type Material 


Holotype: QM-MO32900, | pv, on sandy mud flats at low tide, Dingo Beach, 
N.Qld, 20? 05'S, 148° 30'E. 1985, J.Lamprell. 
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Plate 1. 


a-d. Pitar (Pitarina) marrowae n.sp. Holotype; QM-M 032900, Dingo Beach, N.Qld. J. 
Lamprell. a, rv, exterior; b, rv, interior; c, anterior view of pv; d, rv, hinge. e-h. Pitar 
(Pitarina) potteri n.sp. Holotype; QM-MO32902, 9-12 m Palm Island, N.Qld. К. , 
Lamprell, P. Spoor. e, rv, exterior; f, rv, interior; g, anterior view of pv; h, rv, hinge. (All 
scales in mm). 
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Paratypes: AM-C166905, MV-F60432, WAM 559-91, 3 pv, Palm Island, N. 
Qld, 18°40’S, 146?35'E, subtidal, 1990, К. Lamprell; QM-MO32901, 3 pv, Palm 
Island, 18°40’S, 146°35’E, N.Qld; subtidal. 1990, K.Lamprell. 

Other Material 


Lamprell collection: Shelley Beach, Townsville, N.Qld, subtidal. 1990, K. 
Lamprell; Palm Island, N.Qld, subtidal. 1990, K. Lamprell. 


Dimensions 
Length Height Width 
(mm) (mm) (mm) 
Holotype 
QM-MO32900 Іру 38.1 33 23.8 
Paratypes 
AM-CI166905 Іру 39.1 34.4 25.7 
WAM 559-91 Іру 37.8 33.8 23.7 
МУ-Е60432 Іру 35 29.9 23.1 
QM-MO32901 Іру 39.5 33.2 27.2 
n Ipv 33.1 28.7 21.4 
у 1ру 24.3 21 15.8 


ا ا ا ا س اا ا اس 
Sample size: 7pv. Length:height ratio-mean 1.15:1, range 1.12-1.19:1, length:width ratio-mean 1.54:1,‏ 
range 1.45-1.6:1.‏ 


و ا ا ا س سے 
Remarks‏ 


Perhaps most similar to Pitar (Pitarina) trevori Lamprell and Whitehead, 1990 
and Pitar (Pitarina) spoori Lamprell and Whitehead, 1990, Pitar marrowae can be 
distinguished from these species by colour (uniformly cream in P. trevori, posterior 
band brown with chevrons in P. spoori); depth of pallial sinus (wide in P. spoori, 
narrow in P. trevoriand P. marrowae); ventral margin (flattened in P. spoori, well 
rounded in P. trevori, and intermediate in P. marrowae); position of umbones 
(closer to posterior margin in P. spoori and P. marrowae than in P. trevori). Pitar 
(Pitarina) subpellucidus (Sowerby,1851) is similar to P. marrowae in shape, but is 
brown (darker posteriorly in region of broad ray) with a dark blotch on the lunule 
(blotch also seen in P. spoori). Pitar citrina (Lamarck, 1818) differs from P. 
marrowae in the marked thickness and angular margin of its shell, and robust teeth 
set on a broad, heavy hinge plate. Similarly, Pitar potteri (described below) differs 
from P. marrowae in being a heavier shell with thicker cardinal teeth. It can also be 
distinguished from P. marrowae by its margin profile (strongly convex anteriorly, 
truncate posteriorly), internal colour (uniformly white) and external colour 
(multiple brown rays which degenerate into chevrons near the umbones). P. 
marrowae is consistent both in colour and shell form. 


Distribution 


Apparently restricted to northern Queensland where it has been recorded from 
the type locality (Dingo Beach), Bowen, Shelley Beach, Townsville and Palm 


Island. This species occurs buried in littoral sand and can usually be collected after 
rough weather. 


New Australian bivalves 79 


Etymology 
Named for Mrs. Lorna Marrow who has generously provided bivalve material 


for study by one of us (KL). 


Pitar (Pitarina) potteri n.sp. 
Plate le-h 


Description 
Shell ovate, equivalve, inequilateral (the anterior end of shell being less than one 


third of maximum length), well inflated, solid; umbones prosogyrate; lunule well 
developed, heart-shaped, flattened, striate, defined by a faint impressed line; 
antero-dorsal margin short, straight, sharply sloping, narrowly convex terminally; 
postero-dorsal margin broadly convex, gently sloping; ventral margin evenly 
convex. Shell smooth with the exception of finely incised, concentric growth lines; 
periostracum not observed. Ligament narrow, impressed, brown in colour. Hinge 
of left valve with anterior lateral tooth strongly developed, peg-like; anterior 
cardinal thin, joined to solid, triangular median cardinal forming an inverted 
y-shape; posterior cardinal solid, thin, oblique; posterior lateral thin, parallel to 
nymph. Hinge of right valve, anterior lateral teeth paired, ridge-like, separated bya 
deep socket; anterior and median cardinals narrow and short; posterior cardinal 
bifid, elongate; posterior lateral low ridge-like, remote. Muscle attachment scars 
well defined, anterior teardrop-shaped, posterior rounded. Pallial line thin, smooth 
onits ventral edge. Pallial sinus well developed extending one third of shell length, 
wide, rounded terminally. External shell colouration cream/yellow with 
prominent chevron markings umbonally, fusing into a variable number of brown 
rays which extend ventrally across shell surface; umbones white; posterior margin 


of lunule with purple blotch; shell internally white. 


Type Material 
Holotype: QM-MO32902, Іру, Palm Island, N.Qld, 18°40’S, 146°35’E, trawled 


in 9-12 m in sand and rubble Nov 1990, K. Lamprell, P. Spoor. 

Paratypes: AM-C142109, Іру, Broadhurst Reef east of Townsville, N.Qld, 
18°57’S, 147°47'Е, subtidal 27-28 Sept 1975, I. Loch; AM-C105246, Іру, Watsons 
Bay, Lizard Island, N.Qld, 14?40'S, 145?27'E, 10.5 m onsandy bottom. Dec 1975, 
W. Ponder, P. Colman, I. Loch; AM-C142108, Ipv, Rudder Reef, NE Port 
Douglas, N. Qld, 16°13’S, 145°40’E, intertidal. 1977, I. Loch; AM-C8621, Ipv, 
Lizard Island, N. Qld, 14°40’S, 145?28'E, A. E. Finchk; WAM 560-91, MV- 
F60433, 2pv Palm Island, N.Qld, 18?40'S, 146°35’E subtidal. Nov 1990, К. 
Lamprell, P. Spoor. 


Other Material 
Lamprell collection: Palm Island, N.Qld, subtidal. Nov 1990, K. Lamprell, P. 


Spoor; Shelley Beach, Townsville, N.Qld. 1988, P. Spoor. 
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Dimensions 
Length Height Width 
(mm) (mm) (mm) 
Holotype 
QM-MO32902 Іру 32.5 27.5 19.8 
Paratypes 
AM-C142109 Іру 32.3 28 22.1 
АМ-С105246 Іру 32.2 28 19 
АМ-С142108 Іру 30.5 26.5 19.4 
АМ-С8621 Іру 32 27.2 20.3 
WAM 560-91 Іру 31.4 27.5 19.8 
M V-F60433 Ipv 33.2 28.2 21.4 





Sample size: 7ру. Length:height ratio - mean 1.16:1, range 1.14-1.18:1; length:width - mean 1.59:1, 
range 1.46-1.82:1. 





Remarks 

The combination of a relatively thick shell, robust hinge teeth and plate, distinct 
colouration (internally white, externally with brown rays which become chevrons 
umbonally and obsolete ventrally) and the profile of anterior and posterior 
margins clearly distinguish P. potteri from other Pitarina species found in 
Australian waters. Individually these character states can be found in other species: 
the thick shell and teeth (Pitar (Pitarina) citrina), uniformly white interior (some 
Pitar (Pitarina) pellucidus, Pitar (Pitarina) nancyae, Pitar (Pitarina) trevori); 
chevron pattern externally (Pitar (Pitarina) spoori, P. nancyae); truncate posterior 
margin and pointed anterior margin ( P. spoori, P. nancyae). Apart from variation 
in the extent of the chevron patterning around the umbones, the morphological 
characters of this species appear to be very consistent. 
Distribution 

The species occurs in Queensland, from the mainland (Dingo Beach and 
Townsville) to offshore islands (Palm Island, Lizard Island) and the Great Barrier 
Reef (Batt Reef, Rudder Reef, Broadhurst Reef); and also in Western Australia 
(Monkey Mia) where it attains a much larger maximum size (length 56 mm, height 
52 mm and width 35.5 mm). Usually found buried in sand around coral reefs but 
also in littoral sand, usually after rough weather. 
Etymology 


Named for Mr Darryl Potter, Queensland Museum in recognition of his 
assistance in this work and previous projects. 


Genus Dosinia Scopoli, 1777 
Type species: Venus concentrica Born, 1778 fide Fischer-Piette, 1942; M. 


Dosinia lochi n.sp. 


Plate 2a-d 
Description 
Shell ovate, equivalve, inequilateral (the anterior end of shell being more 
extended than the posterior end), slightly inflated, solid; umbones prosogyrate, 
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lunule narrow, poorly defined; antero-dorsal margin extended, almost straight, 
sloping, narrowly convex at the anterior margin; postero-dorsal margin slightly 
convex, sloping; ventral margin evenly convex. Shell with fine concentric striae and 
noticeable, irregular growth lines; internally with faint radial grooving marginally. 
Periostracum and ligament not preserved; escutcheon narrow, elongate. Hinge 
plate narrow. Hinge of left valve with anterior lateral tooth low, peg-like; anterior 
cardinal blade-shaped and bifid; median cardinal solid, bifid, posterior section of 
tooth markedly larger than anterior section; posterior cardinal elongate, curved, 
blade-shaped. Hinge of right valve with obsolete anterior laterals forming an 
elongate socket to accomodate anterior lateral of left valve; anterior cardinal short, 
ridge-like; median cardinal solid, triangular; posterior cardinal bifid, posterior 
section larger than anterior. Muscle attachment scars well defined, anterior 
adductor scar teardrop-shaped; posterior adductor scar elongate ovate. Pallial line 
thin; pallial sinus narrow, deep, rounded terminally, sharply ascending. Shell 
colouration internally and externally cream-yellow. 
Type Material 

Holotype: AM-C61569, Irv, low tide, Boucaut Bay, Arnhem Land, NT, 
12901'S, 134°28’E. Apr 1938, Mel Ward. 


Paratypes: AM-C61569, 6lv, 6rv, same data as holotype. 
Dimensions 


Length Height Width 
(mm) (mm) (mm) 
Holotype 


A M-C61569 Irv 24.9 23 6.7 
Paratypes 
AM-C61569 Пу 24.5 22.7 6.4 

6rv 28.8 26 8 (largest) 


Sample size: 13 valves (6lv, 7rv). Length:height ratio - mean 1.09:1, range 1.08-1.1 1:1; length:width 


-mean 1.85:1, range 1.79-1.95:1. 
NEMO MM LLL 
Remarks 

Dosinia lochi differs from all other representives of the genus in having a 
markedly produced anterior margin and in the poorly defined nature of the lunule 
(deeply impressed in other species). Such differences may necessitate the creation of 
a new subgenus or even a new genus for this species. However the subfamily 
Dosiniinae is in need of revision, and for this reason we retain D. lochi within 
Dosinia s.l. Dosinia kaspiewi Fischer-Piette and Delmas, 1967, Dosinia diana 
Adams and Angas, 1868 and Dosinia queenslandica n.sp (see below) show similar 
very fine concentric ridges to those observed in D. lochi, but all these species differ 
from D. lochi in having the escutcheon depressed and defined by raised ridges. 
Escutcheonal ridges are also absent in D. sculpta and D. circinaria but these species 
differ from D. lochi in shell shape and in having yellow umbones (externally), a 
wider pallial sinus and in D. sculpta radial ridges (stronger anteriorly). Since all 
available material of D. lochi was dead-collected over 50 years ago, it remains to be 
demonstrated that this species is still extant. Hopefully further collecting in the area 


around Boucaut Bay will help to settle the issue. 
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a-d. Dosinia lochi n.sp. Holotype; AM-C61569, Boucaut Bay Arnhem Land, N.T. M. 
Ward. a, rv, exterior; b, rv, interior; c, anterior view of holotype (rv) paired with similar 
sized lv paratype; d, rv, hinge. e-h. Dosinia queenslandica n.sp. Holotype; QM-M 032903, 
trawled 9 m between Palm and Fantome Islands, N.Qld. K. Lamprell, P. Spoor. e, rv, 
exterior; f, rv, interior; g, anterior view of pv; h, rv, hinge. (All scales in mm). 
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Distribution 

Known only from the type locality. 
Etymology 

Named for Mr. Ian Loch, Collection Manager at the Australian Museum 
(Malacology) for his continued interest and assistance in the ongoing study of the 
Australian Bivalvia. 


Dosinia queenslandica n.sp. 


Plate 2e-h 


Description 
Shell ovate, equivalve, inequilateral (the posterior being three quarters longer 


than the anterior) weakly inflated, solid; umbones prosogyrate, lunule lanceolate, 
raised centrally, impressed peripherally, surrounded by the raised ends of the 
concentric ridges, striate; escutcheon long, narrow, raised centrally, defined by a 
raised ridge; ligament partially impressed; antero-dorsal margin short, convex, 
sloping, widely convex at the anterior margin; postero-dorsal margin slightly 
convex, sloping, becoming widely convex at the posterior margin; ventral margin 
evenly and widely convex. Shell with fine concentric ridges becoming lamellose at 
the antero- and postero-dorsal margins, with regular growth-rest lines; 
periostracum pale straw coloured. Ligament long narrow, olive in colour. Hinge 
plate narrow. Hinge of left valve with anterior lateral tooth low; anterior cardinal 
blade-shaped and bifid; median cardinal solid, triangular, slightly curved; posterior 
cardinal elongate, curved, blade-shaped. Hinge of right valve with socket to 
accommodate anterior lateral of left valve; anterior cardinal short, ridge-like; 
median cardinal solid, triangular; posterior cardinal bifid, elongate. Muscle 
attachment scars well defined, anterior adductor scar teardrop-shaped; posterior 
adductor scar elongate-ovate. Pallial line thin. Pallial sinus deep, rounded 
terminally, sharply ascending. Shell colouration internally and externally 


off-white. 


Type Material 
Holotype: QM-MO32903, Ipv, between Palm and Fantome Islands, N.Qld, 


18940'S, 146°35’E trawled 9 m, 1989, K. Lamprell, P. Spoor. 
Paratypes: AM-C166906, MV-F60434, WAM 561-91, 6 pv, same data as 


holotype. 
Dimensions 


Length Height Width 
(mm) (mm) (mm) 
Holotype к 
QM-MO32903 Іру 22.3 21.8 10.2 
Paratypes 
AM-C166906 2ру 21 19 10.3 
22 21 9.5 
MV-F60434 2ру 21.3 20 9 
20.7 19 8.7 
WAM 561-91 2pv 20.8 19.3 9.7 
19.5 19 9.1 
Sample size: 7pv. Length:height ratio - mean 1.06:1, range 1.02-1.11:1; length:width ratio - mean 


2.24:1, range 2.04-2.4:1. 
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Remarks 


A relatively small member of the genus, Dosinia queenslandica shares with 
Dosinia kaspiewi Fisher-Piette and Delmas, 1967 and Dosinia diana Adams and 
Angas, 1868 a depressed escutcheon defined by raised ridges and with fine 
concentric striae. D. queenslandica differs from these two species in having the 
umbones only slightly raised above the lunule area (umbones well raised in D. 
kaspiewi, D. diana and D. lochi) a feature also observed in Dosinia sculpta 
(Hanley, 1845) and Dosinia circinaria Deshayes, 1853. Differences in size, 
sculpture and umbonal colour however, easily separate D. queenslandica from D. 
sculpta and D. circinaria. We have observed little variation in either colour or shell 
structure in this new species. 

Distribution 


From south (Hervey Bay) to north (off Palm Island and from Little Trunk Reef) 
Queensland. Collected after rough weather in littoral areas and dredged live to 10 
m, buried in coarse sand. 

Etymology 
Named for Queensland. 


Superfamily Cardioidea Lamarck, 1809 
Family Cardiidae Lamarck, 1809 
Genus Acrosterigma Dall, 1900 
Type species: Cardium dalli Heilprin, 1887; OD 


Acrosterigma kerslakae n.sp. 


Plate 3a-d 

Description 

Shell ovate, equivalve, inequilateral, moderately inflated, light-weight; umbones 
prosogyrate, lunule short, narrow, flattened; anterior margin more convex than 
posterior; posterior margin slightly truncate; ventral margin evenly convex. Ribs 
38-42 (mean 40), low, rounded, becoming angulate posteriorly; outline of ribs and 
rib interstices faintly impressed internally, stronger marginally; margins crenulate; 
rib interstices very narrow, almost obsolete. Ornamentation of ribs consisting of 
raised scales which become obsolete centrally and knob-like posteriorly. 
Periostracum not observed. Ligament external, short, well developed, brown in 
colour, divided by nymphs. Hinge of left valve, anterior lateral tooth raised, 
triangular; cardinals unequal, anterior much larger than the posterior; posterior 
lateral forming a low wide ridge; right valve anterior lateral tooth paired, the 
ventral much longer and more strongly developed; anterior cardinal poorly 
developed, joined dorsally to well developed posterior cardinal, forming a deep 
socket for anterior cardinal of left valve; posterior lateral strong, ridge-like. 
Nymphs plate-like, smooth, well developed. Muscle attachment scars defined, 
rounded, approximately equalin size, smooth ventrally rugose dorsally. Pallial line 
complete, convex ventrally. Shell colouration cream-yellow with prominent pink- 
brown blotches, fused near umbones. Lunule pink-brown, umbones white with 
flecks of colour. Internally white, often with pink spots umbonally. 
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Plate 3. 


a-d. Acrosterigma kerslakae n.sp. Holotype; AM-C31559, Burpengary Qld. a, rv, 
exterior; b, rv, interior; c, anterior view of pv; d, rv, hinge. e-h. Acrosterigma punctolineata 
n.sp. Holotype; QM-MO32905, 9 m Little Trunk Reef N.Qld. K. Lamprell, P. Spoor. e, 
rv, exterior; f, rv, interior; g, anterior view of pv; h, rv, hinge. (All scales in mm). 
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Type Material > 

Holotype: AM-C31559, Ipv, Burpengary, Qld, 27° 10'S, 152° 57'E. 

Paratypes: AM-C80164, 6rv, 5lv, ipv, Long Reef, Collaroy, NSW, 33°45'S, 
151° 19'E. P.Colman; QM-MO32904, Srv, Пу, Southport Qld, beach, 27° 58'S, 
153°25’E; QM-MO33056, 3rv, 21у, Caloundra, Qld, beach, 26°48’S, 153° 09'E. 


Dimensions 





Length Height Width 
(mm) (mm) (mm) 
Holotype 
AM-C31559 Ipv 27.9 28 16.5 
Paratypes 
AM-C80164 бгу 35.2 39.7 12.8 (largest) 
4lv 34 36.4 11.5 (largest) 
Ipv 25.2 26.5 17.4 
QM-MOS32904 Srv 28.1 30.1 9.3 (largest) 
Пу 19.3 20 6 
QM-MO233056 3rv 32 27 11 (largest) 
Ms 2lv 32 22 11 (largest) 


Sample size: 2pv, 14гу, 7lv. Length:height ratio - mean 0.91:1, range 0.8-0.99:1; length:width ratio 
-mean 1.45:1, range 1.28-1.69:1. 


Remarks 


The general shell structure and colouration of Acrosterigma kerslakae appear 
very close to the southern Australian species A. cygnorum (Deshayes, 1855). The 
new species however differs consistently from A. cygnorum іп its smaller adult size, 
the narrow, almost obsolete nature of the rib interstices (narrow but nevertheless 
clearly visible in A. cygnorum) and the superficial nature of the internal 
impressions ofthe rib interstices (well developed and extending almost to the centre 
of each valve in A. cygnorum). The species appears to be remarkably consistent in 
colour throughout its known range (southern Queensland to Sydney, New South 
Wales), in contrast to A. cygnorum which may be mottled, white or uniformly 
yellow. According to Wilson & Stevenson (1977), A. cygnorum ranges north to 
Montague Island (New South Wales, 300 km south of Sydney) on the east coast. 
Mr. Philip Colman advises that the Australian Museum has specimens of 4. 
cygnorum from as far north as Nowra (120 km south of Sydney). Despite this gap 
between the known ranges of the two species, it is possible that further collecting 


may reveal sympatric populations of A. kerslakae and A. cygnorum in the vicinity 
of, or just south of Sydney. 


Distribution 

Southern Queensland to Sydney, New South Wales. Habitat unknown. Found 
on the shore after rough weather. 
Etymology 


Named for the late Mrs Joy Kerslake who, while assisting in curation of the 


bivalve section of the Australian Museum Collection, recognized this species as 
distinct. 
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Acrosterigma punctolineata n.sp. 
Plate 3e-h 


Synonyms: Cardium foveolatum Sowerby. Reeve, 1845; pl.18, fig. 87. (non 

Cardium foveolatum Sowerby, 1840). 

Cardium foveolatum Sowerby. Hanley, 1842-1856; p.138, pl.17, fig.31 (non 

Sowerby, 1840). . 
Description 

Shell dorso-ventrally elongate, equivalve, slightly inequilateral, strongly 
inflated, light-weight; umbones prosogyrate, lunule short, narrow, flattened; 
anterior margin weakly convex; posterior margin truncate; ventral margin 
unevenly convex. Ribs 45-50 (mean 48), low, rounded, becoming angulate 
posteriorly; outline of ribs visible internally; valve margins crenulate; interstices 
narrow. Ornamentation of ribs consisting of weak scales anteriorly, becoming 
obsolete centrally and knob-like to spinose posteriorly. Periostracum thin, olive 
coloured. Ligament external, short, well developed, divided by nymphs. Hinge of 
left valve with anterior lateral tooth well developed, triangular; cardinals paired, 
anterior much larger than posterior; posterior lateral small, knob-shaped; right 
valve anterior lateral teeth paired, long, broadly triangular, ventral markedly 
stronger than dorsal; cardinals paired, anterior almost obsolete, connecting 
dorsally with strongly developed, triangular posterior cardinal; posterior lateral 
strong, triangular, raised. Nymphs plate-like, well developed, finely pustulose. 
Muscle attachment scars defined, approximately equal in size. Pallial line entire, 
convex ventrally. Shell colouration white with broken green-brown lines and black 
spots posteriorly. Lunule white; umbones white with flecks of colour; nymphs 
pinkish. Internally white with scattered purple blotches. 

Type Material 

Holotype: QM-M O32905, I pv, Little Trunk Reef, N.Qld, 189 20'S, 146? 46'E, by 
dredge 9 m. Nov 1990, K. Lamprell, P. Spoor. 

Paratypes: AM-C103660, I pv, off Rocky Point, Lizard Island, N.Qld, 9m coral 
and sand bottom 14°40’S, 145°26’E, Dec 1974, W. F. Ponder, P. H. Colman, I. 
Loch; AM-C165368, Ipv, Stn 2067, N.Qld, 13?49'S, 144? 17'E. 7-10 m, scattered 
coral heads on sand, NW side of reef. 7 Dec 1981, I. Loch; AM-C165369, Ipv, Stn 
2368, Macgillivray Cay, N.Qld, 14°39’S, 145°29.5’E, 9-15 m, sand rubble and 
coral, NW side. I. Loch, D. Young, R. Johnson; AM-C165370, Irv, Stn 2383, 
No.10 Ribbon Rf, N.Qld, 14°55’S, 145°42’E, 4.5-18 m, sandy rubble and scattered 
coral heads. 17 Dec 1982, I. Loch. 


Dimensions 
Length Height Width 
(mm) (mm) (mm) 
Holotype 
QM-MO32905 Іру 29.9 35.7 24 
Paratypes 
AM-CI03660  Ipv 26.5 30.8 19.2 


AM-C165368 Іру 20.5 24 15.8 


ue aue DRESDEN ست ا‎ 
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Dimensions 
Length Height Width 
(mm) (mm) (mm) 
AM-CI65369 1ру 18.6 214 13.4 
AM-CI165370 Irv 19.6 23.4 74 


SSG GGG SG TRT ETF Аны ТТЫ ич== ШЕ] 
Sample size: 5pv. Length:height ratio - mean 0.85:1, range 0.84-0.87:1; length:width ratio - mean 
1.32:1, range 1.24-1.38:1. 





Remarks 

A distinct, small to moderate-sized Acrosterigma previously confused in the 
literature with other species. Reeve (1843-1878) and Hanley (1842-1856) both 
associated the name 'Cardium' foveolatum Sowerby, 1840 with this species. 
However, there is considerable uncertainty as to the actual status of Sowerby's 
species, because of the apparent absence of any designated type material. 
Sowerby's original description and good, coloured illustration (1840a,b,fig 65) 
clearly do not correlate with the specimens illustrated (also in colour) under the 
name 'Cardium foveolatum' Sowerby by either Reeve or Hanley. In addition, 
Sowerby's stated locality for ‘Cardium foveolatum’ (‘Swan River — that is, in the 
vicinity of Perth, Western Australia), is inconsistent with the known Australian 
range of A. punctolineata (Queensland only) although we have examined A. 
punctolineata from the Philippines (Lamprell and Marrow collections). Mr Ron . 
Voskuil (Netherlands, pers. comm.) has demonstrated to us that Reeve's illustrated 
specimen of ‘Cardium foveolatum'Sowerby, matches our A. punctolineata. In the 
absence of designated type material the identity of Sowerby’s ‘C. foveolatum’ is at 
present impossible to resolve. What is certain is that the name does not apply to our 
new species (A. punctolineata) even though Reeve and Hanley illustrated our shell 
as 'C. foveolatum' Sowerby. Although species such as Acrosterigma fultoni 
(Sowerby, 1916) and occasional specimens of Acrosterigma flava (Linnaeus, 1758) 
also show a dark-flecked pattern, these are coarsely-ribbed, robust shells, not easily 
confused with the thin, finely-ribbed A. punctolineata. Acrosterigma vlamingi 
Wilson & Stevenson is similar in size to A. punctolineata, but differs from the new 
species in external and internal shell colouration, rib count and degree of sloping of 
antero-dorsal and posterio-dorsal margins. The new species appears to be very 


consistent in shell morphology and colouration though occasional specimens may 
lack the black spotting on the posterior. 


Distribution 


This species appears to have a wide distribution in the Indo-Pacific region, 
having been recorded from the Philippines (this study), the Solomon Islands and 
Indonesia (Voskuil pers. comm.), and in Australian waters, from most parts of the 
Great Barrier Reef (this study). It is found in coarse sand around coral reefs. 


Etymology 


Mrs. Thora Whitehead suggested the name for this new species. The name refers 
to the unusual colouration of the valves: dark lines posteriorly and spots and 
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blotches elsewhere; punctolineata from the Latin, punctata = spotted, lineata = 
marked with lines. 


Genus Fulvia Gray, 1853 
Type species: Cardium apertum Bruguiere, 1789; M. 
Fulvia voskuili n.sp. 
Plate 4a-d 


Description 
Shell glossy, ovate, equivalve, inequilateral, well inflated, fragile and 


semitranslucent; umbones prosogyrate, raised well above margins; lunule large, 
broad, heart-shaped; anterior margin convex; posterior margin gently sloping, 
truncate terminally, with a fold on both valves extending from the umbones to the 
posterior extremity; ventral margin evenly convex. Sculpture of 34 or 35 low, 
superficial ribs; the interstices of the anterior 14 ribs are ornamented with raised 
minute denticles which are most pronounced towards the ventral margin; early 
posterior ribs are bifid, becoming almost obsolete towards the umbones; rib 
interstices wide. Fine concentric striae extend from the umbonal area to 
approximately one-third to one-half of the shell surface. Periostracum thin, light 
brown. Ligament external, short, well developed, straw coloured. Hinge of left 
valve with anterior lateral tooth long, blade-like, triangular; anterior cardinal 
raised, peg-shaped; posterior cardinal almost obsolete; posterior lateral low, ridge 
shaped; in right valve anterior lateral teeth paired, elongate, ventral strongly 
developed, dorsal poorly developed; anterior and posterior cardinals present, 
knob-like, with a deep pit ventral to anterior cardinal, posterior lateral ridge- 
shaped. Nymphs elongate, pinkish. Muscle attachment scars poorly defined. 
Pallial line entire, poorly defined.. External shell colouration cream; umbones 
yellow with purple blotch anteriorly; lunule yellowish; posterior margin purplish; 
internally cream, lavender posteriorly. 
Type Material 

Holotype: QM-MO32906, Ipv, Kelso Reef, N.Qld, 18?20'S, 146? 46'E, trawled 
10-12 m. 1987, K. Lamprell, P. Spoor. 

Paratypes: AM-C166907, Іру, same data as holotype; MV-F60471, Іру, Dingo 
Beach, N.Qld, 20°05’S, 148°30’E, after rough weather. 1987, J. Lamprell. 


Dimensions 
Length Height Width 
(mm) (mm) (mm) 
Holotype 
QM-MO32906 Іру 33.8 34.3 22 
Paratypes 
AM-C166907 Іру 31 31 20.6 
MV-F60471 Ipv 28.4 28 17.7 


Sample size: 3pv (type material), 4pv (Lamprell collection). Length:height ratio - mean 1:1, range 


0.98-1.03:1; length:width ratio - mean 1.55:1, range 1.5-1.6:1. 
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Plate 4. 





a-d. Fulvia voskuili n.sp. Holotype; QM-MO32906, 10-12 m Kelso Reef N.Qld. K. 
Lamprell, P. Spoor. a, rv, exterior; b, rv, interior; c, anterior view of pv; d, rv, hinge. e-h. 
Spisula (Notospisula) colganae n.sp. Holotype; AM-CI57345, Kurrumba Gulf of 
Carpentaria, Qld. D. McMichael, J. Yaldwyn. e, lv, exterior; f, lv, interior; g, anterior view 
of holotype (lv) paired with similar sized rv paratype; h, lv, hinge. (All scales in mm). 
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Remarks 
This species shows all the features characteristic of the genus Fulvia, the shell 


being fragile, ovate, with well inflated valves and microscopically fine denticles 
associated with the anterior half of the shell. Other species from the Australian 
region with which F. voskuili can be compared are F. australe (Sowerby, 1834), F. 
aperta (Bruguiere, 1789) and F. tenuicostata (Lamarck, 1819). Fulvia tenuicostata 
differs from F. voskuili, in its thicker shell, more clearly defined ribs and cream- 
white colouration with no trace of purple spotting. Fulvia australe and F. aperta 
differ from F. voskuili in external colouration (pink or orange blotched versus 
cream in F. voskuili), their more numerous ribs, more pronounced posterior 
extension and straighter dorso-posterior margins. In addition F. aperta has a 
marked posterior gape. Fulvia voskuili and F. aperta usually both exhibit a large 
purple blotch posteriorly within each valve. Fulvia voskuili appears closest to F. 
australe and in fact occurs sympatrically with this species off the Gove Peninsula. 
Although some species of Fulvia can vary in external colouration (for example F. 
australe), F. voskuili appears constant both in shell form and colour. 
Distribution 

From central Queensland to the Gove Peninsula, Northern Territory. This 
species is usually found on beaches after rough weather or dredged in shallow water 


to 12 m. 


Etymology 
Named for Mr. Ron Voskuil who has provided us with photographs of types, 


advice and assistance. 


Superfamily Mactroidea Lamarck, 1809 
Family Mactridae Lamarck, 1809 
Genus Spisula Gray,1857 
Type species: Cardium solida Linnaeus, 1758; SD. 


Subgenus Notospisula Iredale, 1930 
Type species: Gnathodon parvum Petit, 1853 [= Mactra trigonella Lamarck, 1818]; 
OD. 


Spisula (Notospisula) colganae n.sp. 
Plate 4e-h 


Description 
Shell subtrigonal to elongate, equivalve, almost equilateral, slightly inflated, 


moderately thin but strong; umbones orthogyrate, raised slightly above margins, 
with a poorly developed keel to postero-ventral margin; antero-dorsal margin 
slightly convex, sloping; anterior margin widely convex; postero-dorsal margin 
convex, sloping; posterior margin widely truncate; ventral margin gently convex. 
Sculpture similar on both valves, consisting of fine concentric striae; periostracum 
not observed. Hinge of left valve with long laterals of equal length, finely ridged 
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dorsally and ventrally, cardinal bifid; right valve with paired finely ridged laterals, 
cardinals forming a v-shape. Ligament-pit well developed. Muscle attachment 
scars well defined, anterior adductor scar rounded, posterior adductor scar tear- 
drop shaped. Pallial sinus shallow, broad, rounded. Shell colouration white 
internally and externally. 

Type Material 


Holotype: AM-C157345, Пу, Karumba, Gulf of Carpentaria, Qld, 17?29'S, 
140° 50'E. Dec 1963. D. McMichael,J. Yaldwyn. 


Paratypes: AM-C157345, 77lv, 50гу, same data as holotype; AM-C95541, Irv, 
Пу, Boucaut Bay, Arnhem Land, NT, 12°01’S, 134?28'E. Mel Ward. 
Other Material 


AM-C165371, 4lv, 5rv, Beach near Edward River, Gulf of Carpentaria, Qld, 
14° 46'S, 141?35'E. 1976, E. Rhodes; AM-C107076, Пу, Irv, W of Pt Burrowes SE 
Gulf of Carpentaria, Qld, 16°57’S, 140°16’E, trawled 18 m. CSIRO Tropical 
Prawn Project Cruise, RPO 1-76, Stn 3.6, Dec 1976, 1. Loch. 


Dimensions 








- Length Height Width 
(mm) (mm) (mm) 
Holotype 
AM-C157345 Пу 18.1 13.5 4.5 
Paratypes 
AM-C157345 50rv 19.5 13.5 4.5 (largest) 
711у 20 15.3 4.4 (largest) 
АМ-С95541 (pt) Irv 21.5 14.5 5 
Пу 23 17.5 6 


_—————=————= 
Sample size: 51rv, 79lv. Length:height ratio - mean 1.39:1, range 1.31-1.48:1; length:width ratio -mean 
2.14:1, range 1.92-2.4:1. 


= 


Remarks 


A species obviously close to Spisula (Notospisula) trigonella (Lamarck, 1819), 
but distinguishable by its elongate valves and poorly inflated valve profile. Spisula 
(Notospisula) austini Lamprell and Whitehead, 1990 differs from S. colganae in 
being very thin-shelled with strongly inflated valves, more prominent umbones, less 
developed ligament pit and an almost obsolete posterior fold. Because no live- 
collected specimens were available for study (all material derived from the 
Australian Museum), there remains the possibility that this species is actually 


subfossil. Further collecting within the Gulf of Carpentaria will be required to 
confirm the living status of the new species. 


Distribution 

Known only from Gulf of Carpentaria and Boucaut Bay, Arnhem Land, 
Northern Territory. Habitat unknown. 
Etymology 


Named for Ms. Katherine Colgan, from the Bureau of Rural Resources, 
Fisheries Resource Branch, Canberra. 
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Superfamily Tellinoidea Blainville, 1814 
Family Tellinidae Blainville, 1814 
Genus Tellina Linnaeus, 1758 


Type species: Tellina radiata; SD. 


Subgenus Abranda Iredale, 1924 


Type species: Abranda rex Iredale, 1924 (pro T. elliptica Sowerby, 1868 (non 
Brocchi, 1814); OD. 


Tellina (Abranda) jeanae n.sp. 
Plate Sa-d 


Description 

Shell elongate-ovate, equivalve, equilateral, weakly inflated, fragile, glossy, with 
typical tellinoidean posterior flexure; umbones opisthogyrate, lunule narrow, 
lanceolate; ligament olive coloured, well developed, external portion resting on 
nymphs; antero-dorsal margin slightly but evenly convex, widely convex 
terminally; postero-dorsal margin straight, attenuate posteriorly, ventral margin 
evenly convex. Sculpture of fine but strongly incised, concentric ridges and very 
faint radial striae. Periostracum not observed. Hinge of left valve with anterior 
lateral poorly defined; anterior cardinal thick, bifid; posterior cardinal ridge- 
shaped, oblique; posterior lateral tooth remote, almost obsolete; hinge of right 
valve with oblique anterior lateral tooth close to anterior cardinal; anterior cardinal 
thin, upright; posterior cardinal oblique, bifid; posterior lateral remote, strong. 
Muscle scars well defined, anterior teardrop-shaped, posterior smaller and 
rounded. Pallial sinus well developed, broad, extending almost to the anterior 
muscle scar in both valves. Shell white internally and externally, translucent; 
opaque white blotch in the vicinity of umbones. 
Type Material 

Holotype: QM-MO32907, Іру, Little Trunk Reef, N.Qld, 18° 10'S, 146°46’E, 
trawled 9-12 m in coral sand. Nov 1990, K. Lamprell, P. Spoor. 

Paratypes: AM-C165372, 4ру, 3rv, 3 lv, Watsons Вау, Lizard Island, N.Qld, 
14°40’S, 145°27’E, 10.5 m on sandy bottom. Dec 1975, W. Ponder, P. Colman, I. 
Loch; WAM 564-91, Іру, same data as holotype. 


Dimensions 
Length Height Width 
(mm) (mm) (mm) 
АА 
Holotype 
` QM-MO32907, Ipv, 24.8 17.3 7.3 
Paratypes 
AM-C165372, 4pv, 24.5 16.9 7.4 (largest) 
3rv, 21 15.5 3 (largest) 
3lv, 27.5 19 4 (largest) 
WAM 564-91 Іру 25.2 17.8 7.5 


== 
Sample size: бру, Згу, 31у. Length:height ratio - mean 1.41:1, range 1.35-1.45:1; length:width ratio 
-mean 3.4:1, range 3.31-3.5:1. 
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Plate 5. 
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Remarks 

Occurring sympatrically with Macoma (Scissulina) dispar (Conrad, 1837) at 
certain localities but easily separated from that species by the sculpture (fine 
concentric striae, overlain on right valve with parallel, diagonal striations in M. 
dispar); colouration (typically yellow to rose in M. dispar); and pallial sinus 
position in relation the the anterior muscle scar (sinus much closer to scar in M. 
dispar). The strongly incised nature of the concentric ridges also distinguishes T. 
jeanae from other white tellins (including other Tellina spp.) of similar shape and it 
is partly on this basis that we assign the species to the subgenus Abranda. The 
species appears constant in colour and shell morphology throughout its range. 


Distribution 

Apparently restricted to northern. Queensland; occurs both littorally 
(Townsville, Shelley Beach, Dingo Beach) after rough weather, sublittorally on 
offshore islands (Palm Island, Lizard Island, Lindeman Islands) and Great Barrier 
Reef (Little Trunk Reef and Swains Reef). Dredged to 12 m. 


Etymology 
Named after Mrs. Jean Lamprell who has, over many years, collected much of 


the bivalve material used in this and previous studies. 


Superfamily Crassatelloidea Ferussac, 1822 
Family Crassatellidae Ferussac, 1822 
Genus Talabrica Iredale, 1924 
Type species: Crassatella aurora Adams and Angas, 1863; OD. 


Talabrica donharrisi n.sp. 
Plate 5e-h 


Description 

Shell trigonally suboval, equivalve, inequilateral, posteriorly elongate, weakly 
inflated, solid; umbones prosogyrate, lunule well defined, lanceolate; ligament 
internally situated in the resilifer pit posterior to the posterior cardinal tooth; 
antero-dorsal margin straight, steeply sloping, narrowly convex terminally; 
postero-dorsal margin slightly convex, shallow sloping, truncate posteriorly; 
ventral margin widely convex. Sculpture of coarse, well defined, evenly spaced 
concentric ridges. Periostracum thin, pale straw coloured. Hinge of left valve with 
anterior lateral elongate, thin, anterior and median cardinals thick, wedge shaped, 
posterior lateral long, robust, both laterals pustulose, pinkish. Hinge of right valve, 
anterior lateral tooth long, ridge-like, anterior cardinal thin parallel to lunule, 
median cardinal thick, wedge-shaped, posterior lateral thin, both laterals 
pustulose, pinkish. Muscle scars well defined, anterior reniform, posterior 
rounded. Pallial line well developed and entire, situated well inside and parallel to 
the margin. Shell colouration externally, white with 4-5 radiating pink rays, 
overlain with brown blotches, lunule and escutcheon pink, bordered on each valve 
by a row of 5 blotches in a stitching pattern. 
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Type Material 
Holotype: AM-C66728, Ipv, 101-119 m E of Caloundra, Qld. T. A. Garrard 
Coll. 


Paratypes: AM-C66728, Іру, same data holotype; QM-M 032908, MV-F60472, 
2pv, Lady Musgrave Lagoon, Qld, 23° 55'S, 152°24’E. 1985, D. Harris, V. Harris. 
Dimensions 


Length Height Width 
(mm) (mm) (mm) 

Holotype 
AM-C66728 Іру 11.8 10.5 5.7 
Paratypes 
AM-C66728 Ipv 9 7.5 4.1 
QM-MO32908 Іру 11.8 10 5.3 
MV-F60472 Ipv 8.5 7.1 4 


Sample size: 4pv. Length:height ratio - mean 1.19:1, range 1.18-1.2:1; length:width ratio - mean 
2.15:1, range 2.07-2.23:1. 


Remarks 


Little is known about Australian members of the genus Talabrica. Talabrica 
donharrisi can be compared with the southern Australian species 7. aurora 
(Adams and Angas, 1867), T. fulvida (Angas, 1871) (type species of Salaputium) 
and T. bellula (A. Adams, 1854). Talabrica fulvida reaches only one-third to 
one-half the size of T. donharrisi, has coarser concentric ribbing and is almost 
uniformly dark pink. Talabrica aurora and T. bellula on the other hand share 
similar colouration with T. donharrisi but differ in possessing coarser concentric 
ribbing (wavy in Т. bellula) and a noticeably elongate shape. The colour pattern of 
T. donharrisiis variable; some specimens have marked pink spotting over the pink 
rays, some have rays blended with brown, triangular mottlings and others have 


pink rays only. Morphologically however, the features of the shell are very 
consistent. 


Distribution 


Apparently restricted to south and central Queensland in shallow to moderately 
deep water. Dredged in coarse sand adjacent to coral reefs. 
Etymology 


Named after Mr Don Harris of Yeppoon who dredged this species and donated 
specimens for study. 
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Abalone growth J. Malac. Soc. Aust. 13: 99-113 1992 


Studies on southern Australian abalone (genus Haliotis) XIV. 
Growth of H. laevigata on Eyre Peninsula 


S. A. Shepherd, S. M. Clarke and A. Dalgetty 
Department of Fisheries, 135 Pirie Street, Adelaide, S.A. 5001 


ABSTRACT 


The growth rate of Haliotis laevigata Donovan was examined at 6 sites on 
Eyre Peninsula, South Australia, by mark-recapture experiments and by 
analysis of length-frequency distributions. Juvenile growth rates were 
generally linear, and in the range 20 - 40 mm у", whereas growth of older 
individuals was satisfactorily described by the von Bertalanffy growth curve. 
The Brody growth coefficient, K, ranged from 0.19 to 0.55 y-!, and Lee from 
119.5 mm to 186.3 mm according to site. Growth rates tend to decline with 


decreasing latitude. 


INTRODUCTION 


The management of exploited abalone resources requires an understanding of 
growth for the purpose of modelling individual stocks and fixing appropriate size 
limits. Because the growth rate of abalone is often variable between sites it is 
necessary to measure growth at a number of sites to determine the extent of 
variability. 

The greenlip abalone Haliotis laevigata Donovan is heavily exploited on the 
west and south coast of Eyre Peninsula. The growth of the species in this part of its 
range has previously been known only from Waterloo Bay. The purpose of this 
study was to examine the growth of H. laevigata at a number of sites on Eyre 
Peninsula, as part of a program to review the management of the fishery at a finer 
scale. We analysed length - frequency data to measure juvenile growth (Shepherd 
1988) and data from mark-recapture experiments for older individuals (Shepherd 
and Hearn 1983). These methods have been found to be the most satisfactory for 


this species of abalone. 


MATERIALS AND METHODS 


Six sites (Fig. 1) were selected to span the geographic range of the principal 
exploited stocks off Eyre Peninsula. The southern sites, Taylor Island and 
McLaren Point are on granitic substratum with numerous rounded boulders to 30 
cm diameter at a depth of 5-10 m. The site at Ward Island is also on a granitic 
boulder substratum at about 10 m depth. The three northern sites are on an 
aeolianite substratum, eroded in part but with very few free slabs or boulders, at 5-7 
m depth. All sites are more or less sheltered from the prevailing swell, but the two 
northernmost sites are the least, and the two southernmost sites the most, sheltered; 


Ward Island is intermediate. 
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Figure 1. Map of Eyre Peninsula showing study sites. 


Animals were marked by fixing a circular numbered plastic tag by a nylon rivet 
to the proximal pore-hole of the shell (Prince 1991). Marking was done in cool 
weather on the boat, or underwater, to minimise marking mortality. On 
subsequent visits to each site 9-18 months after marking, marked individuals were 
re-measured in situ. Unmarked populations of H. laevigata were also measured in 
situto provide data for the preparation of length-frequency distributions. Except at 
Taylor I, where specific studies were made on cryptic juveniles, the smallest size 
Classes (<50 mm shell length (SL)) were absent or poorly represented in the 
sampling. 

Data Analysis 


The von Bertalanffy growth equation has been widely used to describe the 
growth of abalone (Day and Fleming 1992). Estimates of the growth parameters, K 
and Leo, and standard errors were obtained by fitting the von Bertalanffy equation, 
using the Fabens (1965) least squares algorithm (see Shepherd & Hearn 1983). To 
minimise possible seasonal effects we selected data for which the periods of 
freedom were not less than 270 days. Where multiple recaptures occurred, the final 
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recovery only was used, giving one data triplet (Ly, t, 12) per animal. Ty was 
calculated from the youngest age-group to which the von Bertalanffy equation was 
fitted (Gulland 1985). 

The MIX computer program was used to fit and separate modes of length 
frequency distributions. The procedure fits Gaussian curves and uses maximum 
likelihood methods to separate them (MacDonald and Green 1985). Probability 
values >0.05 indicate statistically satisfactory fits. The modes were allotted to an 
age class as described below and assumed a birth date on | December for all sites in 
accordance with concurrent studies on the reproductive cycle (see Shepherd et al. 


1992). 


RESULTS 


Taylor I 

A plot of the annual length increment data vs initial length from mark recapture 
experiments is given in Fig. 2. The mean annual growth rate of the putative I+ age 
class (30-50 mm SL) was 43.4 mm (s.e. 2.2 mm) and that of the putative 2+ age class 
(65-99 mm SL) was 38.7 mm (s.e. 1.7 mm) which are not significantly different 
from each other (t test with pooled variance; t7 1.1, P > 0.1). Hence the von 
Bertalanffy growth model, which requires a growth rate that declines by a constant 
amount as L approaches Lee, does not adequately describe the whole data set. For 
this reason we excluded the 5 data points of the putative 1+ age class and fitted the 
von Bertalanffy curve to the remaining data points (Table 1). 


Table 1 Summary of growth parameters, Tp, K and Lee, of the von Bertalanffy growth equation 
at different sites for H. laevigata. Sites are ranked from south to north, and data for 
Waterloo Bay (from Shepherd and Hearn 1983 and unpublished data) are included for 
comparison. Juvenile growth rates given in mm y^!; an asterisk indicates estimated rate. 
Standard errors in brackets. 


Site N Juvenile To K y! (s.e.) Lo (mm) (s.e.) r 
Growth rate 

Taylor | 41 20-43.4* 1.65 0.552 (0.087) 180.4 (10.3) 0.713 
McLaren Point 35 23.6 1.65 0.368 (0.102) 178.3 (7.7) 0.534 
Waterloo Bay 126 25 1.31 0.595 (0.036) 147.8 (1.8) 0.921 
Ward I. 36 25.7 1.77 0.413 (0.053) 167.2 (5.2) 0.810 
Anxious Bay 26 20* 1.11 0.385 (0.069) 119.5 (5.3) 0.744 
Yanerbie 19 20* 0.94 0.268 (0.076) 140.4 (8.6) 0.642 
Sceale Bay 9 23.6* 0.42 0.186 (0.042) 186.3 (28.2) 0.856 


ИШЕНГЕНИНЕ ЕЕН k ڪي‎ 
+ growth rate about 20 mm in first year and 43.4 mm in second year. . 
Be ELTE р Wet RM س د ا‎ 


A length-frequency distribution from Taylor I (Shepherd et al. 1992) obtained in 
March 1988 with fitted modes is shown in Fig. 3. The modal means were then 
plotted against age (Fig. 4) assuming that the modes represent successive annual 
cohorts (Shepherd et al. 1992). The growth rate of the 1+ and 2* age classes from 
the mark-recapture data (see above) are plotted for comparison (Fig. 4) and show 
good agreement with the growth rate inferred from the modes of the length- 
frequency distribution. We conclude that the first four modes represent annual age 
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Figure 2. Plot of annual increment vs initial le 


ngth for mark-recapture data from Taylor I. The 
fitted regression is shown. 


H.laevigata 


TAYLOR 1. 
200 N = 1566 
Chi-squared = 25.9 
> 
E Р = 0.6058 
5 10-30/03/88 
С 
Lo 
c 
Lu. 
100 
0 





0 50 100 150 200 
LENGTH (mm) 


Figure 3. Length-frequency distribution, with fitted modes, for H. laevigata from Taylor I. 
Statistics of the fitted modes are given. 
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Plot of modal means (with standard errors) of length-frequency data (Fig. 3) against age. 


Figure 4. 
The fitted linear regression and plots of mean growth rate of 1+ and 2+ age groups of 
marked individuals are also shown. The von Bertalanffy growth curve for older age 
classes is shown by the curved line. 
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Figure 5. Plot of annual increment vs initial length for mark-recapture data from McLaren Point. 


The fitted regression is shown. 
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Plot of modal means (with standard errors) of length frequency data (Fig. 6) against age, 
with fitted linear regression for McLaren Point. Plot of mean growth rate of 1+ age class 


is shown. The von Bertalanffy growth curve for older age classes is shown and is displaced 
to the left slightly for clarity. 
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Plot of annual increment vs initial length for mark-recapture data from Ward I. 
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Length-frequency distribution, with fitted modes, for H. /aevigata at Ward I. Statistics of 
the fitted modes are given. 
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Plot of modal means (with standard errors) of length-frequency data (Fig. 9) against age 


with fitted linear regression, and the von Bertalanffy growth curve for older age classes 


from Ward I. 
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Figure 11. Plot of annual increment vs initial len 


The fitted regression is shown. 


gth for mark-recapture data from Anxious Bay. 
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Figure 12. Length-frequency distributions with fitted modes from Anxious Bay. Statistics of the 
fitted modes are given. 
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Plot of modal means with standards errors, of length-frequency distributions (Fig. 12) 


against age for Anxious Bay, with the fitted von Bertalanffy equation for mark- 
recapture data. 
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Plot of annual increment vs initial length for mark-recapture data from Yanerbie and 
Sceale Bay. 
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Figure 15.  Length-frequency distributions with fitted modes, for H. laevigata from Yanerbie and 
Sceale Bay. 
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Plots of modal means, with standard errors, of length-frequency data (Fig. 15) against 
age and fitted von Bertalanffy growth curves for older age classes from Yanerbie and 
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classes; however the 5th and 6th modes are not well defined and probably includea 
mixture of age classes. 

The 2nd to Sth modes inclusive are very nearly linear with age (R2 = 0.999) and 
are described by the linear regression: L = 39.6A - 24.1 where Lis the length in mm 
and A is the age in years. 


McLaren Point , 

A plot of the annual increment data vs initial length (Fig. 5) and the apparent 
linear growth of juveniles (see below) suggested that, as for Taylor I., the von 
Bertalanffy equation might not adequately describe growth over the whole size 
range, so we excluded the putative I+ and 2+ age classes (30 - 70 mm SL) and fitted 
the equation to the remaining data. Results are given in Table | and plotted in Fig. 
7. 

Length-frequency data taken at the site in August 1987, with fitted modes, are 
shown in Fig. 6. In contrast to Taylor I., searching could not be conducted in 
cryptic habitat, so the smallest (0+) age class is missing. The modal means were 
plotted against age, assuming the Ist mode was the I+ age class. A linear regression 
was fitted to the modal means (Fig. 7) and gave the equation: L = 23.6A - 0.53 (R2 = 
0.99). 

The mean growth rate from the modal data (23.6 mm y7!) is consistent with the 
growth rate of marked individuals in the 1+ age class (26.3 mm у-!; s.e. 2.9 mm). We 
conclude that at least the first 3 modes represent annual age classes. The later 
modes are less certain and probably contain a mixture of age classes. 


Ward I. 

A plot of annual increment data vs initial length (Fig. 8) shows that the von 
Bertalanffy equation provides a reasonable fit to the data. The parameters of the 
fitted equation are given in Table 1. 

Juveniles were rarely found, because cryptic habitat could not be sampled 
adequately. Hence the juvenile growth rate must be inferred from the modes of a 
length frequency distribution (Fig. 9). The 0* age class is presumed to be missing, 
and those larger ones < 140 mm SL are probably annual cohorts. A linear 

regression fitted to the modal means gave the equation: L = 25.7A - 7:6 (R? = 0.99) 
ie. a juvenile growth rate of 25.7 mm уеаг"!. A plot of the growth curves for 
juveniles and adults is given in Fig. 10. 


Anxious Bay 

A plot of annual increment data vs initial length (Fig. 11) shows that a von 
Bertalanffy equation provides a satisfactory fit to all data. The parameters of the 
fitted equation are given in Table 1. 

The population marked here appeared to be mobile. Small abalone 
predominated at the tagging site, but we observed a general movement of marked 
individuals off-shore into the direction of approaching swell. 

Length-frequency data were obtained on two occasions. Cryptic habitat could 
not be sampled adequately, so it was not possible to determine the growth rate of 
juveniles. Modes were fitted to the length-frequency data (Fig. 12) and those modal 
means <100 mm SL are plotted together with the fitted growth curve in Fig. 13. By 
assuming a mean length of 50 mm SL at age 2.5 years which is the juvenile growth 
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rate in similar habitats in neighbouring Waterloo Bay (unpublished data) the 
resultant growth curve agrees approximately with the position of the plotted modal 
means. The growth curve is tentative until more data are available. 

Yanerbie and Sceale Bay 

A plot of the annual increment data vs initial length (Fig. 14) indicates that the 
von Bertalanffy equation will provide a satisfactory fit to the data. 

We analysed the growth data in the same way as for Anxious Bay. Juveniles 
were rarely found because we could not search cryptic habitat, so we could not 
characterise the juvenile growth rate. Only at Yanerbie were juveniles 10 -20 mm 
SL found (putatively 1 year old) and these supported the postulated juvenile 
growth rate. Length frequency distributions and fitted modes are given in Fig. 15. 
Growth curves for the two sites derived from interpretation of modal means and 
from growth data are given in Fig. 16. Values for T, (Table 1) were calculated on 


the basis that the mean size of a 3-year-old is 60 mm SL at Yanerbie, and that of a 
2.9-year-old is 70 mm at Sceale Bay. 


DISCUSSION 


An assumption of using tagging data to measure growth is that the tags do not 
affect the growth rate (Day and Fleming 1992). The rivet tag of Prince (1991) which 
we used has not been tested to determine whether it affects the growth rate. 
However we have observed that a layer of nacre is laid over the intrusive nylon part 
of the tag within 4-8 weeks, suggesting that interruption to growth (if any) is 
temporary. 

The results show a weak trend of declining growth rate, as indicated by declining 
K values and slower linear juvenile growth rates, from south to north. Values for 
Le are variable, but, as pointed out by Day and Fleming (1992), its value is 
dependent on the length range of the recapture data. In theory it is the maximum 
length to which individuals can attain, but, in practice, few large individuals are 
ever found in fished populations, so a lower value than the theoretical one usually 
results. In Anxious Bay the growth curve describes the growth predominantly of 
the inshore component of the population. This may explain the low Lee of 119.5 
mm compared with the maximum observed size of 170 mm SL in the length- 
frequency data which included individuals further off-shore. 

The growth rate of abalone has often been linked to the quality and availability 
of algal food; others have speculated that exposure to wave action plays a role 
(reviewed by Day and Fleming 1992). Our results agree qualitatively with the food 
supply hypothesis, although we have not attempted to quantify food availability. 
Algal drift is conspicuously abundant at Taylor I. and McLaren Point all year 
round, and.often in banks up to 1 m high which inhibit searching. At Yanerbie algal 
drift is scarce and the site was selected because the abalone there are notoriously 
stunted. At the other sites algal drift is variable in abundance. 

The growth rate data show no obvious relation with exposure to wave action. 
The two northernmost sites and Waterloo Bay have the highest exposure to wave 
action but with very different growth rates. The causes of the different growth rates 


observed can only be determined after a more detailed study of the habitat, which 
was beyond the purpose of this study. 
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ABSTRACT 


Fecundity and length-weight relations were determined for six populations of 
the greenlip abalone Haliotis laevigata on the coast of Eyre Peninsula. The 
relation between length and fecundity was non-linear with power coefficients 
of length ranging from 3.7 to 7.2 for different sites. The between-site variation 
in fecundity is attributed to differences in food supply, water movement and 
habitat, although genetic effects cannot be excluded. Length-weight relations 
varied little between sites, and power coefficients of length ranged from 2.8 to 
312 


INTRODUCTION 


The fecundity of abalone is a life history trait that is important for modelling 
exploited stocks (Sluczanowski 1984) and for artificial spawning and mariculture. 
The greenlip abalone Haliotis laevigata Donovan is the basis of an important 
fishery in South Australia. Modern management seeks to identify distinct stocks 
and manage these in accordance with egg-per-recruit models that allow the setting 
of minimum sizes at capture (Sluczanowski 1984). Such models require 
information on fecundity. The purpose of this study was to measure the variation 
in fecundity ofthis species of abalone on the southern, central and northern parts of 
the west coast of Eyre Peninsula, where the principal fishery is based (Fig. 1). 


MATERIALS AND METHODS 


H. laevigata spawns synchronously from October to March at West Island 
(Shepherd & Laws 1974) and during December on southern Eyre Peninsula 
(unpublished data). Samples were collected at six sites in September 1987 before 
the commencement of spawning when ova are large and rounded. Samples were 
taken over the full available size range of sexually mature individuals. 

Shell length was recorded for each female and the ovary and visceral mass 
excised and preserved in 10% formalin and sea water. After separation from the 
viscera, each ovary was weighed. Subsamples of 1-4mg were taken from its 
anterior, middle and posterior parts and weighed to the nearest 0. Img. The number 
of ova in each subsample was then counted ona grid under a low power binocular 
microscope. The mean egg weight was calculated and, by simple proportion, 
fecundity (the number of eggs per individual) was estimated. 

Subsequently, in further sampling at each site in December 1987, shell length 
and total weight of samples of H. laevigata were recorded in order to calculate the 
relation between length and total weight. 
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Figure 1. Map of South Australia showing six study sites on Eyre Peninsula, 

Linear regressions of log fecundity (number of eggs) onlog length were fitted to 
the data sets. Analysis of covariance (ANCOVA) was performed to compare 
fecundity between different populations. An assumption of this analysis is the 
homogeneity of residual variances (Snedecor & Cochran 1980). The Waterloo Bay 
data did not meet this assumption because the range of x-values was much less than 


those with which a comparison was sought, so this set was excluded from the 
comparisons. 


RESULTS 


Plots ofthe number of eggs vs. length for the six sites are shown in Fig. 2and the 
fitted log-log regression equations are shown in Fig. 3. Constants of the regression 
equations are given in Table 1. Analysis of covariance of the regressions for each 
population (except Waterloo Bay) showed that the fecundity relationships differed 
significantly between populations (d.f. 4, 65; F=3.09 P<0.05). SNK multiple range 
tests showed that the two populations with the extreme slopes, Anxious Bay and 
Sceale Bay, differed significantly (P<0.05) from all others; no other differences 
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Figure 2. Plots of fecundity (number of eggs in millions) against length for Haliotis laevigata at 6 


sites. 
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were significant. We also fitted linear regression models to the data but in no case 


did they provide better fits. 
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Figure 3. Regression lines showing the relation between fecundity (number of eggs) and length for 
Haliotis laevigata at 6 sites. A = Sceale Bay; В = McLaren Point; C = Taylor 1.; 
D = Yanerbie; E -Anxious Bay; F = Waterloo Bay. 

Table 1. Constants of regression equations relating fecundity (F) in millions of eggs and length (L) 
in mm for H. laevigata at various sites. Equations are of the form F- aL. N is the sample 
size. Sites are ordered latitudinally from north to south. 

Site N a bzs.e. R? 

Sceale Bay (A) 17 6.19x10-10 7.240.91 0.81 

Yanerbie (D) 14 1.11х1072 3.87+0.65 0.75 

Anxious Вау (Е) 15 2.94х1072 3.70+0.93 0.55 

Waterloo Вау (Е) 15 6.40х 10-3 3.85+0.91 0.58 

Taylor І. (С) 15 7.55х10-% 5.33+0.54 0.88 

McLaren Point (В) 14 1.93x 10-6 5.61+0.42 0.94 
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The results of linear regressions of log total weight on log length are given in 


Table 2 and shown in Fig. 4. High coefficients of determinat 
significant goodness of fit of linear regression models to th 


ion indicate highly 
e data. Analysis of 
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covariance showed significant differences between populations (F = 17.9; P<0.05). 
However, we do not present further analyses of differences between populations 
because the samples were taken from the various sites over a period of a month (see 
Table 2) during the peak of spawning season, when changes in the length-weight 
relation are expected within a population as gametes‘are released (McShane et al. 
1988). 
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Figure 4. Regressions of length vs total weight for 6 population samples of Haliotis laevigata. See 
Fig. 3 for key to sites. 


Table 2. Constants of regression equations relating length (L) in mm and total weight (TW) in g for 
Н. laevigata at various sites. Equations are of the form TW= aL”. N is the sample size. 
Date is the date of collection. Sites are ordered latintudinally from north to south. 








Site Date N a(x1075) bts.e. R2 

Sceale Bay (A) 30/12/87 59 12 3.00+0.03 0.99 
Yanerbie (D) 4/12/87 53 4.6 3.20+0.08 0.97 
Anxious Bay (E) 15/12/87 46 10 3.07+0.07 0.98 
Waterloo Вау (Е) 14/12/87 57 20 2.92+0.06 0.98 
Taylor I. (С) 10/12/87 45 4.7 3.16+0.06 0.98 


McLaren Point (В) 10/12/87 47 58 3.12+0.05 0.99 
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DISCUSSION 


In these populations the relation between fecundity and length is non-linear with 
power coefficients ranging from 3.7 to over 7 (Table 1). A power of 3 implies that 
fecundity would have a linear relation with weight and for 3 of the 6 populations 
the power and its 95% confidence interval includes 3. Fecundity of the remaining 
populations is highly non-linear with length and therefore also non-linear with 
weight. Ault (1985) reviewed the fecundity of abalone and noted that a linear 
relation with weight is found for many species. This is expected because 
proliferation of oocytes, strictly a surface phenomenon, should be related to gonad 
volume. However, if the germinal epithelium becomes highly convoluted then a 
significant increase in fecundity becomes possible, giving rise to non-linearity. 

The fecundity of abalone is known to vary between individuals, between 
populations and even between years (Tutschulte & Connell 1981, Ault 1985, 
McShane ег al. 1986, Shepherd 1987) due to differences in food availability, and 
Shepherd (1987) showed that abalone transplanted to sites with more or less food 
showed corresponding increases or decreases in fecundity. Yanerbie is the only site 
of the six known to have stunted abalone presumed due to lack of algal food 
(Shepherd et al. 1992); this would explain the low fecundity there. The low 
fecundity at Waterloo Bay could have simply been an artifact of the absence of 
larger individuals in the sample. However, Shepherd (1987) examined a much 
larger sample over a greater size range in a different year, and found similar low 
fecundity. He speculated that there may have been a genetic basis for this due to 
evolved differences in energy allocation strategies. This explanation would also 
apply to the geographically close Anxious Bay population. The low fecundity at 
these last two sites is otherwise difficult to explain in terms of food abundance since 
the growth rates at these sites are relatively high. Transplant experiments are 
needed to test these ideas. 

The relationship between length and total weight also shows significant variation 
among populations. This may be due to differences in the growth rate between sites 
or may simply reflect the expected decline in weight relative to length due to loss of 
gametes during spawning. McShane et al. (1988) showed that seasonal and inter- 
population differences occur in the morphometric relations of H. rubra. They 
attributed the differences to variation in growth patterns between populations; 
these in turn were probably due to differences in food availability. H. laevigata 
feeds mainly on drift algae, whose availability depends on water movement and 
frequency of storms (Shepherd 1973). Thus between-site habitat differences and 
water movement variability must play an important role in morphometric and 
fecundity differences between populations of this abalone species. 
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The Polyplacophora of the Red Sea 


Hermann L. Strack 
Nobelstraat 101b, 3039 SL Rotterdam, The Netherlands 


ABSTRACT 


This paper revises the Red Sea chiton fauna, of which 23 species are thusfar 
recorded. One new species is described (Leptochiton (Parachiton) hylkiae n. sp.) 
and two species are new for the Red Sea (Leptochiton nierstraszi Leloup and 
Leptochiton (Parachiton) sp.). Of these 23 species, five [Lepidozona luzonica 
(Sowerby), Callistochiton adenensis (E.A. Smith), Schizochiton jousseaumei 
Dupuis, Chiton peregrinus Thiele and Chiton (Rhyssoplax) heterodon (Pilsbry)], 
probably only occur in the southernmost part of the Red Sea. Records of chitons from 
the central and southern Red Sea are very scarce and most of the data available are 
based on old literature records and museum specimens. 

As far as chitons are concerned, the Red Sea does not constitute a separate 
zoogeographical entity, but is part of the tropical western Indian Ocean 
zoogeographical province. Only 2 species (L. (P.) hylkiae n. sp. Lucilina perligera 
Thiele) are endemic to the Red Sea. 

Lessepsian migration (from Red Sea to Mediterranean) of chitons is known only 
for Chiton (Tegulaplax) hululensis (E.A. Smith), recorded from the Mediterranean 
coast of Israel. There are no reliable records of antilessepsian migration. 

Lectotypes are designated for Lepidopleurus concharum De Rochebrune, Chiton 
(Clathropleura) ruepelli Thiele, Chiton lyellii Sowerby, Chiton laqueatus Sowerby 
and Acanthochiton curvisetosus Leloup. 


INTRODUCTION 


The Red Sea is a well defined area extending approximately 2200 km in length. In this 
study the limits of the Red Seaare set between Port Said in the North and Barim Island (Bab 
al Mandab Straits) in the South. The Suez Canal is included here as its molluscan fauna 
consists predominantly of Red Sea species. 

Although the molluscan fauna of the Red Sea has been relatively well investigated, 
knowledge of the Polyplacophora remained rather poor and was scattered among many 
small publications. The present study aims to summarize and to verify as muchas possible 
all available literature records of Red Sea Polyplacophora and to supplement these data by 
studying previously unrecorded material. 

Although the Red Sea is well known for its exceptional high water temperature and 
salinity, it is not yet precisely known to what extent this may effect the constitution of the 
shallow water fauna. However these factors seem to have an impoverishing effect on the 
deep water fauna of the Red Sea, which greatest depth is 2800 m. Deep water dredging by 
the Austrian Pola expedition (1895/1898) and recent expeditions, of which the most 
importantis the German Meteor expedition (1987), did not yield a single polyplacophoran 
specimen (Dr. R. Janssen in litt., 1989). Consequently all material reported in this paper 
was collected intertidally or in subtidal shallow water. A few specimens were dredged or 
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SCUBA-dived in depths up to 30 m, but the vast majority was collected between high water 
level and about 2-3 m depth. 

Hopefully this revision will stimulate further research (as several questions remain 
unanswered), and facilitate identification of Red Sea Polyplacophora. 


HISTORICAL REVIEW 


The first to report the existence of chitons in the Red Sea was Spengler (1797: 76-78), 
who described Chiton testudo (= Acanthopleura vaillantii De Rochebrune?) from material 
collected by P. Forsskål during the Arabian Expedition (1761-1763). This was followed 
by Savigny (1817: pl. 3) who gave excellent illustrations of: Acanthopleura vaillantii (De 
Rochebrune, 1882), Acanthochitona penicillata (Deshayes, 1863), Tonicia (Lucilina) 
sueziensis (Reeve, 1847) and Chiton (Rhyssoplax) affinis Issel, 1869. These were collected 
during the Napoleonic campaign to Egypt between 1798 and 1801 (Bouchet & Danrigal, 
1982). Alas due to blindness Savigny never produced any text to accompany these figures. 
This task was very poorly executed by Audouin (1826), who didn’t describe any of the 
species, all of which were still undescribed at the time the Savigny plates appeared. Chiton 
sueziensis (— T. (L.) sueziensis), described by Reeve in 1847, was the second chiton species 
to be described from material from the Red Sea (Gulf of Suez). Then in 1869 Issel recorded 
three species, again from the Gulf of Suez, one of which, Chiton affinis, was described as 
new. 

After Issel many contributed to either the taxonomy (De Rochebrune 1882 & 1884; 
Sykes, 1907; Thiele, 1909-1910; Dupuis, 1917) or the distribution (M’ Andrew, 1870; 
Sturany, 1904; Tillier & Bavay, 1905; Tomlin, 1927; Lamy, 1938; Moazzo, 1939 and 
Franc, 1956) of the the Red Sea chiton fauna. Leloup (1960) was the first to write a paper 
exclusively on Red Sea Polyplacophora. This was followed by a second paper (Leloup, 
1980a), and in the IRSN there is a manuscript of a third paper based on the material 
collected by M. Mastaller in Jordan. In this manuscript he gave short descriptions of four 
species he thought were new: Acanthochitona mastalleri , Notoplax aqabaensis, Tonicia 
costata, and Tonicia scabiosus. Although this manuscript was never published, the names 
were used in Mastaller's thesis (1979) and by Vine (1986: 172). As both Mastaller and Vine 
gave no descriptions the names must be considered nomina nuda. Of all manuscript names 
only A. mastalleri proved a valid species, and was later described (Strack, 1989). Leloup's 
papers were accounts of small collections he received for study. Non critical lists of Red 
Sea Polyplacophora were made by Mienis (1974), Mastaller (1979) and Vine (1986), but 
no attempts were ever made to revise the complete Red Sea chiton fauna. 


MATERIAL AND METHODS 


. This paper is mainly based on material the author collected during fieldwork in Egypt 
in 1987, where about 500 specimens were collected. Additional material was collected by 
several members of the Red Sea excursions organized by “Vita Marina" in the years 1988 
and 1989. Much unrecorded material, together with some already published material, from 
several museum and private collections (see abbreviations) was also examined during this 
study. Furthermore type material from various institutions was studied in order to solve 
some of the taxonomic problems encountered. With a few exceptions the supraspecific 
classification of Kaas & Van Belle (1980) was followed in this paper. 

All species are described and illustrated. Only short diagnostic descriptions are given for 
species adequately described in literature, occasionally supplemented with detailed 
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information not found in literature. The descriptions were based on actual studied material, 
although in several cases additional information from literature was used. 

The dorsal elevation of chitons is described according to the method used by by Kaas and 
Van Belle (1981: 7-8, fig. 1), except that here the height of elevation is expressed in the 
quotient of height : width of valve IV including the insertion plates (not only the parts 
covered by the tegmentum). Including the insertion plates in the measurements taken 
facilitates routine measuring, but differences of the results (quotients) between both ways 
of measuring are negligible. 

Bibliography of each species is restricted to the original description of the species 
concerned and records from the Red Sea. The initial stage of bibliographical research was 
greatly facilitated by the use ofa manuscriptbibliography made by the late I. Y aron (Israel). 


ABBREVIATIONS 
AS = A. van der Sman, Amsterdam, The Netherlands. 
BDA  - B.Dell'Angelo, Formigine, Italy. 
BMNH - British Museum (Natural History), London, United Kingdom. 
CAS  - California Academy of Sciences, San Francisco, U.S.A. 
ER = E. Rolan, Vigo, Spain. 
HLS = HLL. Strack, Rotterdam, The Netherlands. 
HUJ = Zoological Museum, Hebrew University, Jerusalem, Israel. 
IRSN = Institut Royal des Sciences Naturelles de Belgique, Bruxelles, Belgium. 
JPB = J.P. Buis, Den Haag, The Netherlands. 
MNHN = Muséum National d’Histoire Naturelle, Paris, France. 
MZUF = Museo Zoologico dell’ Universita, Florence, Italy. 
RMNH = Rijksmuseum van Natuurlijke Historie (now Nationaal Natuurhistorisch 
Museum), Leiden, The Netherlands. 
SAM = South Australian Museum, Adelaide, Australia. 
TAU  - Zoological Museum, Tel Aviv University, Tel Aviv, Israel. 
у = valve(s). 
ZMHU = Zoologisches Museum an der Humboldt Universitat, Berlin, Germany. 
SYSTEMATICS 
Class POLYPLACOPHORA 
Order NEOLORICATA 
Suborder LEPIDOPLEURINA 
Family LEPTOCHITONIDAE 


Subfamily LEPTOCHITONINAE 
Genus Leptochiton Gray, 1847 
Subgenus Leptochiton s.s. 


Leptochiton nierstraszi (Leloup, 1981) 
(РІ. 1, Fig. 1; Pl. 7, Figs. 1-2) 
Lepidopleurus (Pilsbryella) nierstraszi Leloup, 1981a: 27-28, fig. 13, pl. II, fig. 1. 
Type: IRSN, IG 26.374 (holotype). 
Type locality: Madagascar (= Malagasia), reef off Tuléar 


4 НІ. Strack 


Material examined: EGYPT:, Hurghada (HLS 1611/2v, ER/lv). 

Description: The smallest chiton species living in the Red Sea. Maximal measurements 
6 x 3.5 mm. Animal elongate oval in outline and rather elevated. Tegmentum sculptured 
with characteristic high elevated, round granules arranged in quincunx. 

Girdle narrow and covered dorsally with small scales with 10-12 riblets and long, 
smooth, slender needles. 

For a detailed description of the entire animal see Kaas & Van Belle (1985a: 130-132). 

Description of the Red Sea valves: (Pl. 1, Fig. 1). Three intermediate valves from the 
Red Sea were studied of which the largestis a valve II. Valves white and measure 1.8 x 0.95, 
1.7 x 0.7 & 1.5 x 0.6 mm (width x length). Dorsal elevation quotient varies between 0.4 
and 0.42. Apophyses somewhat worn, small, more or less triangular and wide apart. 

Tegmentum covered by well separated granules, with diameter of 40-50 шп in valve II, 
up to 50-60 рт in the two other valves. Contrary to the observations of Kaas & Van Belle 
(1985a: 130) there are no important size differences (diameter) between granules in 
different areas of the valves. Granules on jugal area are worn and hollow (РІ. 7, Fig. 2). 
Those along the posterior and side margins of the lateral areas very high elevated (up to 
60 рт), many narrower at the base than at the top, resulting in a remarkable, mushroom- 
like form (Pl. 7, Fig. 1). 

Habitat: In Madagascar this species was found in coral reefs (under coral and in caves) 
at depths of 5 to 32 m. Their habitat in the Red Sea is unknown. 

Distribution: In the Red Sea L. nierstraszi is only known from three loose valves found 
in shell grit at a depth of 2-20 m in Hurghada, Egypt. Hitherto this species was only known 
from Tuléar, Madagascar and St. Pierre, Réunion. The record from the northern Red Sea 
extends its known distribution considerably. 

Remarks: Although only loose valves from the Red Sea could be studied, they are 
without doubt conspecific with L. nierstraszi. This species has a characteristic tegmental 


sculpture and in virtually all respects the valves match the descriptions by Leloup (1981a) 
and Kaas & Van Belle (1985a 


Subgenus Parachiton Thiele, 1909 


Leptochiton (Parachiton) hylkiae n.Sp. 
(РІ. 1, Figs. 2-8; Pl. 2, Figs. 1-3) 
Holotype: EGYPT: 


‚ South side Giftun Kebir Island (in front of Hurghada), 26.1.1987, 
HS leg., length 9.8 mm, width 4.4 mm, flat and preserved in alcohol, colln. RMNH no. 

Paratypes: EGYPT:, south side Giftun Kebir Island, 26.1.1987, HLS leg., colln. HLS 
no. 1954, 1 specimen (11.5 x 4.8 mm); Sharm el Sheik, 19.I. 1987, HLS leg., соп. HLS 
no. 1953, 1 specimen (11.8 x 5.2 mm, disarticulated); 16 km south of Hurghada, 
23. VIII.1989, AS leg., colln. AS no. 651, 1 specimen (9.5 x 4.5 mm). 

Diagnosis: Animal small, largest specimen (now disarticulated) 11.8 x 5.2 mm 
including girdle, elongate and almost parallel sided (РІ. 2, Fig. 4). Back rounded, dorsal 
elevation quotient 0.44 in 11.8 mm long paratype, somewhat less in other specimens. 
Intermediate valves not beaked, lateral areas not raised. Tegmentum sculptured with 
longitudinal chains of granules on central and lateral areas of intermediate valves and tail 
and head valve. Girdle narrow, dorsally covered with ribbed scales and long, smooth 
spines. 

Description: Tegmentum yellowish with white markings and a darker coloured spot on 
each side of the jugum at the 


с eof posterior sides of the valves. Largest paratype darker, greyish 
beige with lighter spots. Lateral areas, and their anterior edges in particular, brown, which 
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is visible through the articulamentum. Shell thin, apophyses small, more or less triangular 
and wide apart. Head valve semicircular with several conspicuous concentric growth lines 
(РІ. 1, Fig. 2), tegmentum with radiating chains of small granules. 

Intermediate valves rectangular (РІ. 1, Fig. 3), posterior margins slightly convex, lateral 
areas not raised, back rounded, side slopes regularly convex. Tegmentum has rows of 
roundish granules, both on central and lateral areas (Pl. 1, Fig. 6) which are about 30-40 
ym in diameter, sometimes separated but usually coalescing into longitudinal chains (РІ. 
1, Fig. 7). Number of rows on central areas of valve 5 range between 68 (holotype) and 95 
(largest paratype), rows with narrow interspaces. Valve VII is exceptionally large, slightly 
longer than valve II. 

Tail valve long, about 1/5 of total length of shell, length about 3/5 of the breadth, mucro 
terminal (Pl. 1, Fig. 4), overhanging or almost overhanging posterior edge of tail valve, 
postmucronal slope steep and straight (PI. 1, Fig. 5). Granules arranged as in other valves, 
antemucronal area with about 60 rows in holotype ranging up to 85 in largest paratype. 

Girdle narrow, of similar colour or slightly darker than valves, dorsally densely covered 
with slightly curved elongate scales which measure 75-100 x 27-35 ит and are sculptured 
with 4-6 fine riblets (РІ. 2, Fig. 1). Long smooth cylindrical spines at margin. Similar 
spines, but longer, interspersed between dorsal girdle scales. Spines straight or curved and 
bluntly pointed, measuring 90-250 x 22-40 pm (РІ. 1, Fig. 8). Ventral scales flat and 
smooth, 50-65 x 22-30 рт, straight at base and pointed or bluntly rounded at top. 

Radula of 11.8 mm long specimen has 47 rows of mature teeth. Major lateral teeth with 
round-topped tricuspid head, about 110 рт wide, middle teeth longest (Pl. 2, Fig. 3). 
Central teeth long and narrow, somewhat compressed in middle and without a distinct 
blade (РІ. 2, Fig. 2). 

About 13-16 pairs of gills were observed, arrangement adanal without interspace and 
merobranchial, ranging from the anal area up to valve V. 

Habitat: Under loose stones embedded in sand in very shallow water (0.2-1 m below 
mean low tide level). 

Distribution: Known only from the northern Red Sea. 

Remarks: This speciesisclosely allied to Leptochiton (Parachiton) ronaldi Kaas & Van 
Belle, 1985 from the Andaman Islands. The holotype of this species, held in the BMNH 
(no. 1952.11.17. 320), which in present state (flat dried and head valve missing) measures 
8.8 x 3.9 mm, must have measured about 10 mm in living condition [certainly not 13 mm 
as stated by Kaas & Van Belle (1985a: 179)]. L. (P.) hylkiae can be distinguished from L. 
(P.) ronaldi by the sculpture of the lateral areas which have longitudinal rows of granules 
whereas the granules of L. (P.) ronaldi are arranged in quincunx. Furthermore the latter 
species has small striated spicules on the dorsal side of the girdle, which are not present 
in L. (Р.) hylkiae. Instead L. (P.) hylkiae has large smooth spines which are absent іп L. 
(P.) ronaldi. Although the closely related L. (P.) ronaldi is only known from the holotype, 
and no data exists about its infraspecific variation, the differences between the Andaman 
species and the specimens from the Red Sea are too important to consider them conspecific. 

Also Leptochiton (Parachiton) lifuensis (Hull & Risbec, 1931) from New Caledonia 
superficially resembles L.(P.) hylkiae but can be distinguished by its weaker granular 
sculpture, glossy surface, the many fine growth lines on the lateral areas and by different 
girdle elements. 

The round-topped, tridentate head of the major lateral teeth of the radula of Parachiton 
is useful as taxonomic character in discriminating the subgenus Parachiton from Leptochiton 
s.s. In most cases the head of the major lateral teeth of Leptochiton s.s. has only one or two 
denticles, but when three are present, they are invariably sharply pointed, and not, as in 
Parachiton, bluntly rounded. 
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Etymology: Leptochiton (Parachiton) hylkiae is here named after Ms. Hylkje Eppinga 
who was my companion during my visit to Egypt and helped me with the fieldwork. 


Leptochiton (Parachiton) sp. 
(Pl. 2, Figs. 5-7) 

Material examined: EGYPT:, Hurghada, VII-1987,J.L. Gonzalez & J. Uhia leg. (HLS 
2031/1v). 

Description (of tail valve): Dimensions; length 1.4 mm, width 2.4 mm. Mucro 
posterior, placed at 4/5 of the total valve length, postmucronal slope slightly concave. (РІ. 
2, Fig. 6). Antemucronal area of tegmentum sculptured with about 52 rows of roundish to 
oval, small (diameter ca. 40 ит) granules (Pl. 2, Fig. 7). Postmucronal area with granules 
arranged in quincunx (Pl. 2, Fig. 5). 

Habitat and Distribution: Only one tail valve found in shell grit from 2-20 m depth. 

Remarks: This tail valve represents a species which can not be attributed with certainty 
to any of the known species of Parachiton. It differs from L.(P.) hylkiae in the position of 
the mucro and the postmucronal arrangement of the granules. It could be Leptochiton 
(Parachiton) eugenei Kaas & Van Belle, 1985, a species that was described from 
Madagascar (= Malagasia) or Leptochiton (Parachiton) indecorus Kaas & Van Belle, 
1990, from Natal, South Africa. Both species are very acceptable options as they live in the 
same zoogeographical area (western Indian Ocean). Butthe lateral outline of the tail valves 
of these species considerably differ from the Red Sea tail valve. More material (complete 


specimens) will have to be found to clarify the exact taxonomic status of this second Red 
Sea Parachiton species. 


Suborder ISCHNOCHITONINA 
Family ISCHNOCHITONIDAE 
Subfamily CALLOCHITONINAE 
Genus Callochiton Gray, 1847 


Callochiton vanninii. Ferreira, 1983 
(РІ. 2, Fig. 8) 


Lucilina sueziensis; Lamy, 1938: 88 (pars) (non Chiton sueziensis Reeve, 1847). 


Callochiton laevis; Barash & Danin, 1977: 9 (non Chiton laevis Montagu, 1803); Leloup, 
1980a: 6. 


Callochiton septemvalvis; Barash & Danin, 1987: 83 (non Chiton septemvalvis Montagu, 
1803). 


Callochiton vanninii Ferreira, 1983: 259-266, figs. 11-19. 


Type: MZUF no. 4098 (holotype) 
Type locality: Somalia, Gesira. 


Material examined: EGYPT:, Merlin Point, 4 km south of Hurghada (HLS 1290/3); 
hada (HLS 1961/5v, ER/2v); Gulf of Suez (MNHN/1); ISRAEL:, Elat (TAU NS 
8113/1); JORDAN:, Al Aqabah 


(HLS 1048/2v, ER/1v); SUDAN:, Pt. Sudan, Arons 
(BDA/1v). 


Description: Animal small, largest specimen 12.5 x 7.9 mm (HLS 1290), oval. Back 
rounded to subcarinated, dorsal elevation quotient up to 0.38, side slopes convex, 
intermediate valves beaked, lateral areas raised. Girdle wide, dorsally clothed with long, 
sharply pointed spicules; small series of very long, curved needles on outer margin. 

Valves: Tegmentum of live collected specimens from Egypt invariably dark red or brown 
red with small white spots on jugal area, and two lighter coloured bands lengthwise on 
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central areas on each side of the jugum, articulamentum dark red. Tegmentum of specimen 
from Israel grey white with pale rose tinge. 

Tegmental surface has a faint granular appearance caused by aesthetes of about 10 рт 
in diameter. No ocelli can be observed in Egyptian specimens, although the specimen from 
Israel showed poorly developed, pigmented shell eyes under magnification. Entire shell 
surface sculptured with fine microstriation. 

Apophyses wide, rounded and connected by a forwardly produced sinusal plate. Sinus 
shallow, poorly defined. Insertion plates well developed, slit formula 15/2/15 (Ferreira 
gives 16/2/16 for the holotype), slits deep, slit rays hardly perceptible. Eaves spongy. 

Head valve semicircular, posterior margin widely V shaped. 

Intermediate valves rectangular, anterior margin straight or slightly convex, posterior 
margin straight or slightly concave with protruding apex, posterior margin of valve II 
widely V shaped and projected forward. Lateral areas raised and well indicated. 

Tail valve semicircular, mucro central or slightly anterior and pointed upwards, posterior 
slope straight to slightly concave. 

Girdle wide, dark red with four white bands at sutures of valves I-II and VII-VIII, some 
minute black spotting on these bands caused by black pointed spicules. Girdle colour of 
Israeli specimen similar to tegmentum. 

Girdle dorsally densely clothed with long, slender, straight, smooth, needle-like spicules, 
arranged in quincunx and pointed towards valves, away from the margin, 100-170 x 18- 
22 рт near margin up to 220 x 22 рт at mid-girdle. 

Small linear series of longer, cylindrical, bent, smooth, colourless needles at regular 
intervals, from outer margin of girdle towards valves, 280-490 pm long, 14-24 шп wide, 
connected to girdle by small cusps. There are 45-54 (counted in two specimens measuring 
10.1 and 12.5 mm) of these series, up to eight needles per series, very often needles are lost 
and only cusps remain. 

Marginal fringe of small, slender, feather-like spicules, obliquely grooved, 80-100 x 12- 
16 рт, compressed at the base and flattened. 

Ventral scales transparent, lanceolate, 60-75 x 20-26 рт. 

Radulaof 9.9 mm long specimen about 2.2 mm (c. 22% of specimen length), with atleast 
32 mature teeth (probably a few more as posterior part of radula is damaged). Central teeth 
broadly tulip-shaped, c. 50 pm long and c. 30 pm wide. Major lateral teeth with a tridentate 
head, 40-45 рт wide, all denticles sharply pointed, the central one slightly longer. 

About 15-16 pairs of gills, which are adanal with interspace, holobranchial, and almost 
reaching anterior end of foot. 

Habitat: Under dead coral and stones with red encrusting algae, in 0.5 - 1 m depth, 
probably also somewhat deeper. 

Distribution: Callochiton vanninii is known from Somalia, Madagascar, Réunion and 
Mauritius. The present Red Sea records extend its known distribution considerably. 

Remarks: Leloup (1980a: 6) identified a few Red Sea chitons as Callochiton laevis 
(Montagu, 1803) [= Callochiton septemvalvis euplaeae (O.G. Costa, 1829)]. These 
specimens (one of which I studied) certainly do not belong to this Mediterranean species. 
None of the Red Sea specimens have sulci on both sides of the central areas, which are so 
characteristic for C. septemvalvis euplaeae. Apparently the Red Sea specimens belong to 
the recently described species C. vanninii. There is however some discrepancy between the 
Red Sea specimens and the original description of C. vanninii. The Red Sea specimens have 
well defined and raised lateral areas, relatively longer dorsal girdle elements and in two 
specimens shell eyes were visible. As the infraspecific variation of C. vanninii is unknown, 
these differences alone do not warrant separate specific status, but to facilitate future study 
I have given a full description of the Egyptian Red Sea specimens. 
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Subfamily LEPIDOCHITONINAE 
Genus Lepidochitona Gray, 1821 


Lepidochitona monterosatoi Kaas & Van Belle, 1981 
(РІ. 2, Fig. 9) 
Middendorffia caprearum; Barash & Danin, 1977: 10 (non Chiton caprearum Scacchi, 
1836); Leloup, 19802: 11, pl.2, fig 2. 


Lepidochitona monterosatoi Kaas & Van Belle, 1981: 23-26, figs. 57-72, map 3. 


Lepidochitona corrugata Barash & Danin, 1987: 83 (non Chiton corrugatus Reeve, 1848). 

Type: RMNH, no. 55386 (holotype). 

Type locality: France, Alpes Maritimes, Port de l'Olivette. 

Material examined: ETHIOPIA:, Dahlak Archipelago, Museri Island (TAU 65.0022/ 
1). 

Description: A small species, up to ca. 12 mm long, elongate oval, rather elevated and 
more or less carinated. Head valve with about eight faint undulations, tegmentum 
sculptured with coarse granules which are arranged in quincunx in head valve, tail valve 
and lateral areas of intermediate valves. Granules in curved series on pleural areas. Tail 
valve small, mucro central. Girdle dorsally covered with small, short, rounded spicules, 
interspersed by characteristic small bundles of curved, long spines. Ventral scales conical, 
flat, base rounded, tip pointed. Fora more detailed description see Kaas & Van Belle (1981: 
23-26 & 1985b: 99-102). 

Remarks: Leloup (19802: 11) recorded two specimens identified as the Mediterranean . 
species Middendorfia caprearum (Scacchi, 1836) [= Lepidochitona corrugata (Reeve, 
1848)] from the Red Sea. After studying one of the two specimens, and as can be seen from 
fig. 2 in Leloup’s paper, the species in question proved to be Lepidochitona monterosatoi 


Kaas & Van Belle, 1981. L. monterosatoi was only recently described from Mediterranean 


specimens, and it is therefore difficult to ascertain its origins. The remark of Kaas & Van 
Belle (1981: 25) “it is hard to understand why it was not discovered earlier, as within the 
past few years several specimens were brought to light”, suggests it could be a recent 
Lessepsian migrant. On the other hand the sin gle record from the Red Sea and the relative 
abundance of Mediterranean records indicates a Mediterranean origin of the species. 
Hitherto no verified pre-1869 (the inauguration year of the Suez Canal) material has turned 
up. If the Greek record of Chiton polii Philippi, 1836 by Forbes (1844: 135) should refer 
toL. monterosatoirather than L. corrugata (see Strack, 1988: 77), this could be the ultimate 


proof of its Mediterranean origin, and that would make L.monterosatoi one of the few true 
Antilessepsian migrants. 


Subfamily ISCHNOCHITONINAE 
Genus Lepidozona Pilsbry, 1892 


Lepidozona luzonica (Sowerby, 1842) 
(РІ. 3, Fig. 1) 
Chiton luzonicus Sowerby, 1842: 104. 
Lepidopleurus concharum De Rochebrune, 1884: 33; Ferreira, 1983: 254, 
Callistochiton concharum; Thiele, 1910: 85-86, pl. 8, figs. 55-56. 
Lepidozona luzonica; Kaas & Van Belle, 1990: 51. 


Type: BMNH no. 1979. 175/1 (lectotype designated by Kaas & Van Belle, 1987: 245). 
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Type locality: Philippines, Luzon Island, Sorsogon. 

Material examined: RED SEA: (MNHN/1 = lectotype L. concharum). 

Description of lectotype of L. concharum (colln. MNHN): Animal small, 9.2 x 5.7 mm, 
flat dried, glued on bivalve, carinated, colour of tegmentum and girdle dirty white. Head 
valve with ca. 32 granulose fine ribs, 4-5 ribs on lateral areas of intermediate valves and 
ca. 27 ribs on tail valve. Central areas of intermediate valves with 13-14 granulose ridges 
oneach side. Head valve is decidedly broader than tail valve. Mucro anterior, postmucronal 
slope almost straight. Dorsal girdle scales about 160 um wide, finely ribbed. 

Habitat: Specimens of L. luzonica from Qatar, Arabian Gulf, were collected on dead 
shells in depths of 10-20 meters. 

Distribution: Philippines, Malaysia, Singapore, Java, Arabian Gulf, and the Red Sea. 

Remarks: This specimen matches the short original description made by De Rochebrune 
(1884) and apparently the same specimen was studied by Thiele (1910: 85-86, pl. 8, figs. 
55-56). It is hereby designated as lectotype. 

Kaas & Van Belle (1990: 51) also studied the same syntype of L. concharum and came 
to the conclusion that it is a specimen of Lepidozona luzonica (Sowerby, 1842). A 
characteristic contradicting this identification is the fact that the head valve is considerably 
wider than the tail valve, whereas in L. luzonica both valves are of about equal size [see 
figured lectotype of L. luzonica in Kaas & Van Belle, 1987: fig 111 (1)]. The lectotype of 
L. concharum is glued on the inside of a valve of the Australian bivalve Circe weedingi 
(Cotton, 1934) and is the only Red Sea record known, therefore Kaas & Van Belle rejected 
Rochebrune's locality. As L. luzonica does occur in the Western Indian Ocean, where it 
was found in Bahrain, Qatarand the United Arab Emirates (Kaas & Van Belle, 1988: 118- 
120), specimens of this species could be expected to occur in the southern Red Sea. 
Furthermore the lectotype seems to have been glued to the Australian bivalve after Thiele 
examined it, as he extracted the radula forresearch and did not mention the specimen being 
glued to a shell. Therefore I prefer to retain L. luzonica as a species that occurs in the Red 
Sea. 


Genus Ischnochiton Gray, 1847 


Ischnochiton yerburyi (E.A. Smith, 1891) 
(РІ. 3, fig. 2; Pl. 7, fig. 3) 
Chiton (Ischnochiton) yerburyi E.A. Smith, 1891: 420, pl. 33 fig. 6. 


Ischnochiton yerburyi; Leloup, 1960: 35-36, fig. 5; Mastaller, 1979: 25, 238, 242, 247 & 
254; Mergner, 1979: tabs. 4 & 6; Leloup, 19802: 10; Ferreira, 1983: 251-254, figs. 1- 
2; Kaas & Van Belle, 1990: 124-127, Map 21. 


Ischnochiton sp.; Mastaller, 1978: 128 (after Yaron MS.). 


Type: BMNH, 1888.4.9.345 (holotype). 

Type locality: Jemen, Aden. 

Material examined: EGYPT:, 5 km south of Ras Adabiya (HLS 1397/5v); Na'ama 
(HLS 1247/6); Sharm el Sheik (HLS 1248/22); Hurghada (ER/1v); Merlin Point, 4 km 
south of Hurghada (HLS 1246/1); 7 km south of Hurghada (AS 661/2); Giftun Kebir Island 
(AS 711/1); El Qalawa, 25 km south of Safaga (HLS 1624/1); JORDAN:, Al Aqabah, 
(HLS 1049/3v); Al Aqabah (HUJ 30874/1, HUJ 20683/1); 11-12 km south of Al Aqabah 
(KBIN ІС 26.374/3); ETHIOPIA:, Dahlak Archipelago, Difuein Island (BDA/1v). 

Description: Small to moderate size, largest specimen examined, 22.8 mm long (HLS 
1246). Valves subcarinated, tegmentum with characteristic reticulate, thimble-like sculpture. 
Colour white, cream or buff variegated with green, brown or dark grey or with small spots 
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of same colour. Girdles of 10-12 mm long specimens have finely ribbed scales up to ca. 100 
pm wide, largest specimen examined with scales up to 160 um wide. Outer margin of dorsal 
side of girdle interspersed with long (up to 220 рт), slender, smooth, slightly bent, 
cylindrical needles stalked on cusps (Pl. 7, Fig. 3), not mentioned in earlier descriptions 
of this species. 

A detailed description of I. yerburyi is given by Kaas and Van Belle (1990: 124-127), 
the holotype was figured by Ferreira (1983: figs. 1-2). 

Habitat: Most specimens were found under stones and dead coral embedded in sand 
between low tide and 2 m depth. 

Distribution: Western Indian Ocean. From the Red Sea and the Arabian Gulf in the 
north to Mozambique in the south. The easternmost records are from Pakistan. 


Subfamily Callistoplacinae 
Genus Callistochiton Dall, 1879 


Callistochiton adenensis (E.A. Smith, 1891) 
(РІ. 3, Fig. 3) 
Chiton (Callistochiton) adenensis E.A. Smith, 1891: 421, pl. 33, fig. 7. 
Callistochiton adenensis; Leloup, 1952: 30; Leloup, 1953: 1-3, fig. 1. 
Type: BMNH (holotype). 
Type locality: Yemen, Aden. 


Material examined: REDSEA: no exactlocality known, F.P. Jousseaumeleg. (MNHN/ 
2, HLS 1995/1). 

Description: Animal medium sized, largest specimen examined 28 mm (Djibouti, 
MNHN). Colour uniform light brown or orange. Anterior valve sculptured with 22-30 
nodulous radial ribs, posterior valve with 30-42 fine, nodulous ribs. Intermediate valves 
with 2 (sometimes 3) strong ribs. Central areas with numerous longitudinal ribs. Girdle 
dorsally covered with oval, wide, short, ribbed, imbricating scales. 


For a more detailed descriptions see Thiele (1910: 84-85), Leloup (1953: 1-3) and Kaas 
& Van belle (1988: 120-121). 


Habitat: The only habitat data was given by Jousseaume (1894: 102), who founditliving 
on madrepore corals. 


Distribution: Callistochiton adenensis is known from Djibouti, Yemen (Aden), Oman 
and the Red Sea. No specific locality is known of the available Red Sea material, but as the 
species does not occur in the northern Red Sea and as Jousseaume, the collector of this 


material, did most of his collecting in Djibouti and Yemen it must have originated from 
the southern part of the Red Sea. 


Family SCHIZOCHITONIDAE 
Subfamily SCHIZOCHITONINAE 
Genus Schizochiton Gray, 1847 


Schizochiton jousseaumei Dupuis, 1917 
(РІ. 3, Figs. 4-7; РІ. 7, Figs. 4-7) 
Schizochiton jousseaumei Dupuis, 1917: 4-6, figs. 1-3; Zeidler & Gowlett, 1985: 114-115. 
Type: MNHN (holotype). 
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Type locality: Yemen, Perim (= Barim Island). 

Material examined: YEMEN:, Perim, ЕР. Jousseaume leg. (MNHN/1 = holotype, 
SAM/1v); RED SEA: no exact locality known, Е.Р. Jousseaume leg. (SAM/3). 

Description: The dried, partly disarticulated and curled holotype (Pl. 3, Figs. 4-5) now 
measures 8.5 mm in length, but must have measured about 20 mm or somewhat more in 
life. Shell elongate oval, moderately elevated. Insertion plate of head valve well developed 
and fluted on outside; less developed in intermediate valves, thickened, fluted on outside 
and directed forward in tail valve. Slit formula 8/2/6, of which two slits situated at both 
posterior ends of head valve are very small. Intermediate valves also have a very small 
additional slit. Jugal sinus rather narrow with pectinated sinusal laminae connecting 
apophyses. Colour of tegmentum white mottled with dark grey and brown. 

Valves: Head valve sculptured with six radial ribs, each rib with a single linear series of 
large shell eyes. Interspace between ribs with wavy or zig-zag ridges. Lateral areas of 
intermediate valves small, and separated from central areas by a nodulous rib witha single 
ray of shell eyes. Central areas with series of more or less longitudinal ridges near lateral 
areas, but largest part of central area with reticulate sculpture, only anarrow, smooth jugal 
tract remains. Tail valve triangular, antemucronal area sculptured like intermediate 
valves, mucro terminal and pointed upwards, postmucronal area with characteristic, wide 
fissure and three ribs similar to those on head valve on each side of the fissure. Hind slope 
directed forward. 

Girdle very wide with fissure splitting posterior anal area, dorsally densely covered with 
small (50-80 рт long) striated spicules, interspersed with large, finely striated, strongly 
curved spines, measuring 270-420 x 40-60 um. 

Additional data from specimen from Socotra Island, Yemen, Gulf of Aden (colln. Van 
Belle, part of girdle in colln. HLS 1996): Estimated length of specimen ca. 50 mm, which 
is considerably larger than the holotype. Tegmentum of central areas of valves I-VII with 
reticulate sculpture all over, also on jugal area (РІ. 3, Fig. 6). 

Girdle dorsally covered with small, pointed (tips often broken), distally striated spicules 
up to ca. 110 рт in length (PI. 7, Fig. 6), interspersed with large, conical, pointed, finely 
striated spines, up to 460 pm in length (PI. 7, Fig. 7). Marginal spicules cylindrical, smooth, 
slightly curved, 250-280 um long. Ventral spicules elongate, ribbed, rounded at the tip or 
bluntly pointed, 60 - 70 рт long (РІ. 7, Fig. 5). 

Radula 10.3 mm long, with 52 rows of mature teeth. Central tooth with spoon-shaped 
blade, 55 рт wide. Major lateral tooth with tridentate cusp, outer denticle smallest, inner 
two about equal in length (Pl. 7, Fig. 4). 

Gills abanal and merobranchial, ranging from anterior end of valve V up to anterior end 
of valve VIII, 27 gills on each side. 

Habitat: Unknown, but probably similar to that of its nearest relative Schizochiton 
incisus (Sowerby, 1841), which lives in crevices in dead coral and under stones, lower 
intertidal to a few meters depth. 

Distribution: Only known from the type locality Barim Island (Red Sea), Yemen (Gulf 
of Aden) and Socotra Island (Van Belle & Wranik, 1991: 370). 

Remarks: Schizochiton jousseaumei is a distinctive species and positive identification 
should pose no problems. It can be easily differentiated from S. incisus by the reticulate 
sculpture on valves II- VIII and by the postmucronal slope which is not steep as in S. incisus 
but projected forward. 

Inthe SAM collection thereare three complete specimens and a head valve of this species. 
These originated from the Dupuis collection which was given to Ashby by Dupuis. 
Although the specimens are labelled "type", they are not, as the original description was 
based ona single, ca. 8 mm long specimen. The SAM specimens measure 10.5 x 5.1, 10.7 
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x 7.1 and 16.6 x 9.2 mm and are therefore too large to include the holotype. The MNHN 
specimen fits the description better and must be regarded as the holotype. 


Family CHITONIDAE 
Subfamily CHITONINAE 
Genus Chiton Linnaeus, 1758 
Subgenus Chiton s.s. 


Chiton peregrinus Thiele, 1910 
(Pl. 3, Fig. 8) 
Chiton peregrinus Thiele, 1910: 90, pl.9, figs. 32-37; Bullock, 1972: 238-239, pl. 44, figs. 
1-2 & 10. 
Chiton lamyi Dupuis, 1918: 7-8. 
Type: ZMHU (syntypes). 


Type locality: South Africa, Algoa Bay (in error), corrected by Bullock (1972: 238) in 
Yemen, Aden. 


Material examined: YEMEN:, Barim Island (= Perim) (MNHN/2, SAM/1). 

Description: Large chiton, maximal size 70 x >40 mm (Kaas & Van Belle, 1988: 121), 
but generally about 30 mm in length. Older specimens often eroded, young specimens have 
tegmentum with fine, somewhat wavy granulose sculpture, lateral areas with two radial 
ribs. Head valve and postmucronal area of tail valve weakly nodulous. Colour greyish green 
or reddish brown. Girdle dorsally paved with large, smooth scales. 

See for a more detailed description of shell morphology Winckworth (1930: 78-80, pl. 
8b), and for girdle armature and radula Thiele, 1910 (90, pl. 9, figs. 32-37) and Kaas & 


Van Belle (1988: 121, figs. 28-30). Bullock (1972: pl. 44, figs. 1-2 & 10) gives good 
illustrations of separate valves. 


Habitat: C. peregrinus is an intertidal rock dwelling species. 


Distribution: Northwestern Indian Ocean. From northwest India, Pakistan, Gulf of 
Oman, Arabian Gulf, Gulf of Aden and the entrance of the Red Sea. 


Subgenus Tegulaplax Iredale & Hull, 1926 


Chiton (Tegulaplax) hululensis (E.A. Smith, 1903) 
(РІ. 3, Fig. 9; Pl. 7, Figs. 8-9) 
Ischnochiton hululensis E.A. Smith, 1903: 619, pl. 36, figs. 3-6; Ferreira, 1983: 290-291. 
Chiton (Clathropleura) platei; Thiele, 1910: 92, pl. 9, figs. 46- 48; Leloup, 1960: 37-38, 
fig. 3; Mastaller, 1979: 26, 238, 242 & 259; Leloup, 1980a: 7. 


Lucilina sueziensis; Lamy, 1938: 88 (pars) (non Chiton sueziensis Reeve, 1847). 


Callistochiton heterodon; Mastaller, 1978: 126 (non Pilsbry, 1893) (after Yaron MS.). 
Chiton (Tegulaplax) hululensis; Kaas, 1979: 866-868 (synonymy). 

Type: BMNH, 1903.9.17.27 (holotype). 

Type locality: Maldive Islands, Hulule Island. 

Material examined: EGYPT:, Na'ama (HLS 1254/2); Merlin Point (HLS 1255/1); 
south side Giftun Kebir Island (HLS 1256/2); Giftun el Saghir (HLS 1851/1); Between 
Giftun el Kebir and Giftun el Saghir (BDA 3042/1); El Qalawa (RMNH/1); Hurghada 
(HLS 1612/2v, ER/2v); Abu Mingar Island (AS 576/1); Gulf of Suez, (MNHN/1); 
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ISRAEL:, Elat (HUJ 20688/1); JORDAN:, Al Aqabah, (HLS 863/2 & бу, ER/2 & 4v); 
11-12 km south of Al Aqabah (KBIN IG 26.374/1); SUDAN:, Sanganeb Reef (BDA/1v); 
Shabruni Reef (BDA/1v). 

Description: Small to medium size, largest Red Sea specimen studied 26.5 mm (collin 
BDA 3022). Colour mostly pink or violet with white, yellow, brown or pale green blotches. 
Lateral areas and end valves with irregular, wavy, concentric riblets. Central areas and 
antemucronalarea of tail valve smooth, except for micro-sculpture and growth lines. Girdle 
dorsally clothed with scales, ca. 250-400 рт wide, with 12-15 ribs. _ 

For a more detailed description of the girdle elements see Leloup (1960: 38, fig. 3) and 
Kaas (1979: 867, pl. 2, figs. 13-17). 

Radula of approximately 22 mm long specimen (colln HLS 1851) has 44 rows of mature 
teeth. Central tooth (РІ. 7, fig. 8) slender with small blade (30 рт wide), cusp major lateral 
tooth (РІ. 7, fig. 9) discoid and bluntly pointed at the top, 150 - 160 um wide. 

Habitat: Intertidal pools to3 m depth (occasionally deeper), under stones and dead coral 
embedded in sand. 

Distribution: Indo-WestPacific species. Southernmostrecord in the westis Mozambique, 
in the east (Pacific) Lord Howe Island. Northern limit is the northern Red Sea and 
Mediterranean coast of Israel. 

Remarks C. (T.) hululensis is one of the few widely distributed Indo-Pacific chiton 
species occurring in the Red Sea. Remarkable is the presence of this species in the 
Mediterranean, where two specimens were found (in 1934 and 1971) in Israel (Barash & 
Danin, 1977: 13, fig. 9). These Mediterranean records constitute the only known cases of 
Lessepsian migration of chitons. 


Subgenus Rhyssoplax Thiele, 1893 


Chiton (Rhyssoplax) affinis Issel, 1869 
(РІ. 4, Fig. 1) 
Chiton squamosus; Audouin, 1826: 148-149 (non Chiton squamosus Poli, 1791). 


Chiton affinis Issel, 1869: 234-235; Caramagna, 1888: 146; Sturany, 1904: 267; Sykes, 
1907: 34; Pallary, 1926: 30-31, figs. 8-9; Moazzo, 1939: 217; Yaron, 1973: 15-17; De 
Brauwer et al., 1981: 165; Bouchet & Danrigal, 1982: 11, fig. 51. 


Lophyrus affinis; M’ Andrew, 1870: 444. 
Lepidopleurus bottae De Rochebrune, 1882: 192. 


Callistochiton heterodon var. savigny Pilsbry, 1893: 277, fig. 16; Rees & Stuckey, 1952: 
184; Bouchet & Danrigal, 1982: 15. 


Chiton (Clathropleura) affinis; Thiele, 1910: 91, pl. 9 figs. 41- 44. 


Chiton decoratus; Tillier & Bavay, 1905: 176 (non Callistochiton decoratus Carpenter in 
Pilsbry, 1893). 


Chiton olivaceus var. affinis Leloup, 1952: 27-31, fig. 11, pl. 4, fig. 4; Leloup, 1960: 36- 
37; Fishelson, 1971: 122; Leloup, 1980a: 7. 


Lorica (Callistochiton) heterodon; Franc, 1956: 20 (non Callistochiton heterodonPilsbry, 
1893). 


Chiton olivaceus affinis; Mastaller, 1979: 26. 
Chiton olivaceus; Leloup, 1980a: 7; Barash & Danin, 1987: 83. 
Rhyssoplax affinis; Ferreira, 1983: 268-270, figs. 22-24. 
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Type: MNHN (lectotype, designated by Ferreira, 1983: 268). 

Type locality: Gulf of Suez. А 

Material examined: EGYPT:, 5 km south of Ras Adabiya (HLS 1396/5у); Na'ama 
(HLS 1263/4); Sharm el Sheik (HLS 1264/12); Merlin Point, (HLS 1265/33, AS 571/1); 
б km north of Hurghada (HLS 1266/28); Hurghada (HLS 1613/14v, ER/9v); 7 km south 
of Hurghada (RMNH/2, AS 649/1); 16 km south of Hurghada (HLS 1850/2); Giftun Kebir 
Island (AS 658/2); between Giftun el Kebir and Giftun el Saghir (BDA 3041/1); Abu 
Mingar Island (AS 580/1); Safaga (AS 486/2); 10 km south of Safaga (AS 583/1); Dhow 
Anchorage, 18 km south of Safaga (AS 586/1); Quseir (RMNH/1, AS 663/1); 20 km south 
of Hurghada (RMNH/1); Sharm el Naga (RMNH/3); Suez (MNHN/3); Abulat Island 
(MNHN/2); El Tor = El Tur? (ZMHU/2); ISRAEL :, Elat, (HUJ 20682/6v, НОЈ 20687/1v, 
JPB/1); Gulf of Elat (JPB/6); JORDAN:, Al Aqabah (HLS 813/2 & 32v, ER/2 & 33v); 11- 
12 km south of Al Aqabah (KBIN/1). SAUDI ARABIA:, Yanbu (AS 80/1); SUDAN:, 
SanganebReef (BDA/1v); Pt. Sudan, Arons (BDA/1v); ETHIOPIA, Mits'iwa (= Massawa) 
(MNHN/2, JPB/1); Dahlak Archipelago, Difuein Island (BDA/1v). 

Description: Largest specimen examined 25.5 mm (AS 663), but usually between 14 and 
18 mm. Colour variable, generally cream with grey, yellow, brown or red, the latter colours 
sometimes predominating. End valves with strong radial ribs and lateral areas with 2-3 
such ribs, interstices pitted. Central areas and antemucronal area with longitudinal sulci 
not reaching anterior margin of valve near jugum. Girdle dorsally paved with imbricated 
scales, 220-350 рт wide, with 6-10 well defined ribs. 

Detailed descriptions of girdle were given by Leloup (1952: 29, fig. 11 and 1955: 4, fig. 
2) and of radula by Ferreira (1983: 269) and Kaas & Van Belle (1988: 122, fig. 40). 

Habitat: Under stones and dead coral in lower intertidal pools to 1-2 m depth, 
occasionally deeper. 

Distribution: Red Sea, Somalia, Gulf of Aden, Gulf of Oman and the Arabian Gulf. 

Remarks: It is hard to understand why this species was so long confused with the 
Mediterranean Chiton (Rhyssoplax) olivaceus Spengler, 1797. The differences between 
the two species are many (Yaron, 1973) and both species can easily be separated. 


Chiton (Rhyssoplax) heterodon (Pilsbry, 1893) 
(Pl. 6, Figs. 4-6) 
Callistochiton heterodon Pilsbry, 1893: 276-277, pl. 60, figs. 11-15. 
Chiton heterodon; Thiele, 1910: 91; Leloup, 1955: 1-4, figs. 1-2. 


Non Lorica (Callistochiton) heterodon; Franc, 1956: 20; Callistochiton heterodon; 
Mastaller, 1978: 128; Mastaller 1979: 26; Vine, 1986: 172 and Callistochiton 
heterodon var. savigny; Rees & Stucky, 1952: 184 (=Chiton (Rhyssoplax) affinis Issel, 
1869). 


Type: Academy of Natural Sciences of Philadelphia, no. 118696 (holotype). 
Type locality: Red Sea. 
Material examined: RED SEA: (ZMHU/1); DJIBOUTI:, Gulf of Aden? (RMNH/1). 
Description: Medium sized chiton, to 16 mm in length. Colour whitish with olive, 
orange-red and black spots. Head valve (Pl. 6, Fig. 4) with 11-20, tail valve (РІ. 6, Fig. 6) 
with 11-12, and lateral areas of intermediate valves with 3-4 granulose ribs and with 
dentated posterior margin. Central areas of intermediate valves with 11-15 somewhat 
granulose longitudinal riblets on each side, which reach anterior margin of valve (Pl. 6, 


Fig. 5). Dorsal surface girdle paved with imbricating scales, 320-370 x 180-250 pm, with 
9-12 strong ribs (РІ. б, Fig. 3). 
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A detailed description of C. (R.) heterodon was given by Leloup (1955). The holotype 
was illustrated by Ferreira (1983: fig. 23). 

Habitat: Unknown. 

Distribution: Known from the Red Sea and the Gulf of Aden. 

Remarks: Ferreira (1983: 270) supported Pilsbry’s allocation to Callistochiton, and 
minimized the importance of the pectinated insertion plates of C. (R.) heterodon. This is 
one of the main characters of the genus Chiton, and certainly not of Callistochiton. I fully 
agree with Thiele’s (1910: 91) conclusions and generic assignment. This species has strong 
affinities with Chiton (Rhyssoplax) affinis, and undoubtedly belongs to the same genus and 
subgenus. 

It differs from C. (R.) affinis in the stronger and more granulose radial ribs in end valves 
and lateral areas, and in having more numerous and granulose longitudinal riblets on 
central areas of intermediate valves. The present study could not acknowledge the 
following differential characters given by Ferreira (1983: 270): (v) posterior valve inflated 
with strongly convex postmucro, (vi) insertion teeth shortand blunt, with tendency towards 
thickening at edges, (vii) articulamental slits corresponding with tegmental ribs, and (viii) 
much larger girdle scales, up to 350 pm long". Characters (v) and (viii) were also observed 
in typical specimens of C. (R.) affinis. Characters (vi) and (vii) were wanting in C. (R.) 
heterodon specimens I studied. 


Chiton (Rhyssoplax) maldivensis (E.A. Smith, 1903) 
(РІ. 4, Fig. 2, Pl. 7, Figs. 10-16) 


Ischnochiton maldivensis E.A. Smith, 1903: 596, 619-620, pl. 36, figs. 7-10. 
Chiton (Clathropleura) rueppelli Thiele, 1910: 91, pl. 9, fig. 45. 


Chiton corallinus; Leloup, 1960: 36 (non Lepidopleurus corallinus Risso, 1826); Barash 
& Danin, 1977: 12; Leloup, 1980a: 7; Barash & Danin, 1987: 84. 

Chiton canariensis; Mastaller, 1979: 26, 238, 242 & 254 (non Chiton canariensis 
D’Orbigny, 1839). 

Type: BMNH no. 1903.9.17.26 (holotype). 

Type locality: Maldive Archipelago, Felidu Atoll. 

Material examined: EGYPT:, Na’ama (HLS 1291/2); Sharm el Sheik (HLS 1292/3); 
Giftun el Kebir (AS 659/1); between Giftun el Kebir and Giftun el Saghir (BDA 3039/2v); 
16km south of Hurghada (AS 669/1v); ISRAEL:, Elat (TAU NS 7931/1); JORDAN:, Al 
Aqabah (HLS 862/4 & 10v, ER/1 & 6v); 11-12km south of Al Aqabah (KBIN/1); SUDAN:, 
Sanganeb Reef (BDA/2v, HLS 1962/1v); Suakin Lagoon (BDA/1v); ETHIOPIA:, Dahlak 
Archipelago, Condabilu Island (HLS 577/1); RED SEA: , no exactlocality known (ZMHU/ 
2 = lectotype and paralectotype of Chiton (Clathropleura) rueppelli Thiele, 1910). 

Description: Animal small, largestspecimen examined 16.5 mm long (AS 659), usually 
about 10-13 mm. Elongate oval, back somewhat rounded to subcarinated, high elevated, 
dorsal elevation 0.42 - 0.44. Slit formula 8/9-1-10/13. Colour generally cream variegated 
with grey and brown, sometimes green with brown and white blotches on jugal area, brown 
with white spots or completely white. 

Head valve smooth except for concentric growth lines and micro sculpture. Intermediate 
valves rectangular, posterior margin more or less straight with small apex. Central areas 
sculptured with 6-12 sulci, number of sulci increases with length of specimen. About half 
of sulci on outer edges of central area reach anterior margin of valve, towards the jugum 
they do not, jugal area smooth. Lateral areas raised and well marked, smooth except for 
few growth lines. Apophyses wide, jugal sinus relatively narrow, pectinated. Antemucronal 
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area of tail valve sculptured like central areas of intermediate valves, with 5-8 sulcion each 
side, postmucronal area smooth except for growth lines. Mucro central or somewhat 
posterior, mucronal slope slightly concave in small specimens to slightly convex in larger 
specimens. 

Girdle dorsally clothed with oval, imbricating scales, 180-230 um wide, with ca. 20 faint, 
sometimes hardly perceptible riblets (Pl. 7, Figs. 15-16). Marginal spicules short, 80-100 
um long, 20 pm thick, tip rounded, obliquely grooved in two directions (Pl. 7, Fig. 13). Very 
delicate stalked needles, to 130 um long (including stalk), 4-8 рт thick interspersed 
between spicules and marginal dorsal scales (Pl. 7, Fig. 12). Girdle ventrally paved with 
smooth, elongate rectangular scales, 50-60 x 10-15 рт (РІ. 7, Fig. 14). 

Radula of 13.1 mm long specimen has 39 rows of mature teeth. Central tooth narrow and 
inconspicuous with small cusp (PI. 7, Fig. 10). Major lateral tooth with broad, discoid cusp, 
90 pm wide (Pl. 7, Fig. 11). Cusp with small tubercle on outer margin. 

Gills holobranchial, adenal with interspace. In four specimens, between 12 and 14.5 mm 
long, 20-23 gills per side were counted. 

Habitat: Under stones and dead coral, between low water mark and 1 m depth. 

Distribution: Outside the Red Sea C. (R.) maldivensis is only known from Djibouti (1 
specimen in colln. MNHN, F.P. Jousseaume leg.), Yemen and the Maldive Archipelago. 

Remarks: Thiele (1910) first recorded this species from the Red Sea, and described it 
under the name Chiton (Clathropleura) rueppelli [= Chiton (Rhyssoplax) rueppelli]. 
Recently Van Belle & Wranik (1991: 374) synonymized C. (R.) maldivensis and C. (R.) 
ruepelli. 

I have studied the holotype of C. (R.) maldivensis and the syntypes of C. (R.) ruepelli 
(colln ZMHU). The formerisa dried and flat preserved specimen, pasted ona piece of black 
paper, soft parts missing, with valves 1,2, 3 and 8 disarticulated, 7 mm long and 3.8 mm 
wide. The colour is pale orange-red with a few small white spots. The syntypes of C. (R.) 
rueppelli are two dried (soft parts present) specimens; one is slightly curled, 6.7 x 4 mm, 
valves 1, 5 and 8 disarticulated and dorsal girdle scales missing; the second specimen is 
flat, 8.8 x 4.1 mm, with part of dorsal girdle scales still present. This larger specimen is 
apparently the one figured by Thiele (1910: pl. 9, fig. 45) and it is here designated as 
lectotype. 

Inallrespects the holotype of C. (R.) maldivensis is identical with the syntypes of C. (R.) 
ruepelli and other specimens from the Red Sea, except for the girdle scales which, although 
the same in size (170 - 210 nm wide), have only 14 - 16 riblets, whereas specimens from 
the Red Sea have about 20. In spite of this discrepancy the synonymy of both taxa seems 
justified. 

This species was misidentified several times by Leloup and recorded by him under the 
names Chiton (Rhyssoplax) corallinus (Risso, 1826) (Leloup, 1960, 1980a) and Chiton 
(Rhyssoplax) canariensis d’ Orbigny, 1839 (Mastaller, 1979 after Leloup MS). The former 
isa wellknown Mediterranean species and the latterisanequally well known West African 
species. Both have little in common with C. (R.) maldivensis, except that all have smooth 
anterior valves, lateral areas and postmucronal areas of tail valves. C. (R.) maldivensis is 
morerelatedtothe Mediterranean species Chiton (Rhyssoplax) phaseolinus Di Monterosato, 
1879, but differs from this species by: a) smaller (15-20 95) dorsal girdle scales, b) less 


severed valves, c) less rounded back, and d) sulci of central areas somewhat deeper and 
onger. 
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Subfamily ACANTHOPLEURINAE 
Genus Acanthopleura Guilding, 1829 


Acanthopleura vaillantii de Rochebrune, 1882 
(РІ. 4, Figs. 3-4) 
? Chiton testudo Spengler, 1797: 78. 
Chiton sp.; Audouin, 1826: 147 (ex Savigny, 1817: pl. 3 fig. 4). 


Chiton spiniger; Vaillant, 1865: 110; Fischer, 1870: 168; Pagenstrecher, 1877: 17461; 
Tillier & Bavay, 1905: 176. 


Acanthopleura brevispinosa; Blanford, 1870: 468 (поп Chiton brevispinosus Sowerby, 
1840)(not seen); Plate, 1897: 167- 170, pl. 11, figs. 111-112; Leloup, 1980b: 8-11, figs. 
5 & 7, map 1. 


Acanthopleurus spiniger; M’ Andrew, 1870: 444. 
Acantopleura vaillantii (sic) De Rochebrune, 1882: 192. 
Chiton (Acanthopleura) spiniger; E.A. Smith, 1891: 420. 


Acanthopleura spiniger; Sturany, 1904: 267; Leloup, 1952: 41-44; Soliman & Iskander, 
1982: 205-210. 


Acanthopleura spinigera; Sykes, 1907: 34; Pallary, 1926: 28 (ex Savigny, 1817: pl. 3 fig. 
4); Nierstrasz, 1905: 99-101; Tomlin, 1927: 291; Gruvel & Moazzo, 1933: 143; Horst 
& Schepman, 1908: 526; Lamy, 1938: 88; Moazzo, 1939: 219; Franc, 1956: 21. 


Acanthopleura haddoni Winckworth, 1927: 206p pl. 28 figs. 1-4; Rees & Stuckey, 1952: 
185; Leloup, 1960: 38-39; Safriel & Lipkin, 1964: 188; Biggs, 1965: 337; Fishelson, 
1971: 126, fig. 4 & 8(3); Mergner & Schuhmacher, 1974: 330; Pearse, 1978: 92-95, 
98-100, fig. 2; Mastaller, 1978: 128; Mastaller, 1979: 26, 227, 231 & 235, fig. 12; 
Leloup, 1980a: 6; Ayal & Safriel, 1980: tab. 2 (not seen); Sharabati, 1981: 67; 
Sharabati, 1984: 16, pl. 1, fig. 4; Hulings, 1986: 319. 


? Acanthochitona sp.; Hughes, 1977: 80 & 91. 
Acanthopleura raddoni; (sic) De Brauwer et al., 1981: 165. 


Acanthopleura gemmata; Ferreira, 1983: 278-282, fig. 30 (non Chiton gemmata De 
Blainville, 1825); Ferreira, 1986: 225-233 (pars); Hulings, 1991: 16-25, figs. 1-2; 
Hulings, 1992: 21- 28. 

Acanthopleura vaillantii; Van Belle & Wranik, 1991: 374-375; Kaas & Knudsen, 1992: 
62-63, fig. 9. 

Type: MNHN (lectotype, designated by Ferreira, 1986: 231). 

Type locality: Suez Channel, Red Sea. 

Material examined: EGYPT:, Na’ama (HLS 1282/40); Sharm el Sheik (HLS 1280/23, 
HUJ 30869/1); Merlin Point (HLS 1279/8); south side Giftun Kebir Island (HLS 1281/17); 
Giftun Kebir Island (HLS 1649/4, AS 657/2); east side Abu Mingar Island (RMNH/S, AS 
660/2); 16km south of Hurghada (AS 654/1); Sharm el Naga (RMNH/3, AS 656/2); Marsa 
Abu, Makhadig (HLS 1622/4, AS 574/4); Ras Gemsa, (HLS 1664/1); Quseir (AS 664/1); 
Dhow Anchorage, 18 km south of Safaga (AS 585/1); El Qalawa (AS 587/2); El Qalawa 
(RMNH/1); Sherateb, (MNHN/1); Senafir (MNHN/9); Port Ibrahim (Suez) (MNHN/8); 
Perri (NW of Ibrahim, Suez) (MNHN/7, HLS 1969/3); Port Bhewfik (MNHN/5); 20 km 
south of Ain Sukhna (RMNH/8); El Barabit, southern point of Gebel Ataka (RMNH/3); 
Ras Anaka (HLS 1957/2); ISRAEL:, Elat (HUJ 20676/1, HUJ 30875/1, HUJ20679/4, HUJ 
20680/3, HUJ 30870/1, AS 224/1); JORDAN:, Al Aqabah (HUJ 20679/1, HUJ 30873/3, 


18 HL Strack 


HUJ 30872/5); ETHIOPIA:, Mits'iwa (= Massawa) (HUJ 20677/2); Assab, (RMNH/7, 
HLS 664/3); SAUDI ARABIA:, Jiddah (= Djeddah) (RMNH/1); YEMEN:, Kamaran 
Island (RMNH/3); RED SEA: (Zoological Museum, University of Copenhagen/3 = 
lectotype and paralectotypes Chiton testudo). 

Description: Largest specimen examined 100 mm in length (AS 664), oval, back 
rounded. Tegmentum greyish, cream, reddish brown or very dark brown (almost black), 
sometimes with white longitudinal bands, very often strongly eroded but normally 
sculptured with round to oval tubercles, but in specimens from southern part of Red Sea 
arranged in irregular concentrical rows on end valves and lateral areas of intermediate 
valves. Central areas of intermediate valves finely granulated and with growth lines. 
Insertion plate of posterior valve short, deeply grooved and pectinate. Insertion plate of 
anterior valve somewhat longer. Girdle wide, with large blackish, brown or white, 
calcareous spines. 

For a more detailed description see Kaas & Van Belle (1988: 123-124). 

Habitat: Intertidal on solid rock. 


Distribution: Red Sea and Western Indian Ocean. 


Remarks: According to Ferreira (1983, 1986) all Red Sea specimens belong to 
Acanthopleura gemmata (Blainville, 1825). Idisagreeasthereis alarge (ca. 3300km wide) 
distribution gap between populations from the Western Indian Ocean (including the Red 
Sea) and the Indo-Pacific region, which according to Ferreira (1986: 230) is no collecting 
artifact. Geographic isolation is the main reason Ferreira (1986: 263) separates the equally 
similar Caribbean species Acanthopleura granulata (Gmelin, 1791) from A. gemmata, but 
he does notuse this argumentto separate West Indian and Red Sea populations from Indo- 
Pacific populations of A. gemmata. Although Ferreira might be right in concluding that 
there is only one very variable species Occurring in both areas, his argumentation is poor 
and it is therefore difficult to see how he reached his conclusions. 

Kaas & Van Belle (1988: 124) regard the Red Sea, Yemen, Oman and Arabian Gulf 
populations as distinct from A. gemmata, based mainly on arguments by Winckworth 
(1927) and Leloup (1937). Some of these arguments were tested and proved to be quite 
debatable. For instance Winckworth states that the shell valves are broader in western 
Indian Ocean specimens. Comparing 24 specimens from Egypt with 24 specimens from 
Indonesia (= A. gemmata 5.5.) of equal length classes, about 30% of the specimens from 
Indonesia had broader shells. Therefore width of valves can hardly be regarded a reliable 
discriminating character. The same can be said about other differences recorded by 
Winckworth like the tail valve being more rounded and the finer sculpture of western 
Indian Ocean specimens. Although apparently not all the species specific characters 
described by both Winckworth and Leloup are of diagnostic value, I prefer to follow the 
view of Kaas & Van Belle and to consider the western Indian Ocean specimens different 
from A. gemmata, and to use the oldest available name for specimens from the Red Sea. 
A possible second species of Acanthopleura occurs in the southern Red Sea, it is 
characterized by its darker colour (dark brown, sometimes almost black), by a tegmental 
sculpture of granules more or less coalesced into fine concentric ridges on head valve, 
lateral areas of intermediate valves and postmucronal area of tail valve (РІ. 4, Fig. 4), and 
relative short insertion plates. Most of the specimens from the southern Red Sea have these 
characteristics, also observed in specimens from adjacent areas such as Yemen and 
Djibouti. This form resembles Acanthopleura brevispinosa (Sowerby, 1840), but all A. 
brevispinosa I could study (16 specimens from 8 localities) had a fine radial sculpture on 
head valve, lateral areas and postmucronal areas of tail valve and the two forms are 
apparently not conspecific. The lectotype (designated and figured by Kaas & Knudsen, 
1992: fig 9) and paralectotypes of Chiton testudo Spengler, 1797 undoubtedly belong to 
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this form of Acanthopleura. They are very dark brown, almost black in colour and have 
the fine concentric ridges observed in Acanthopleura populations from the southern Red 
Sea. If the above form of Acanthopleura proves to be a valid species it should be named 
Acanthopleura testudo (Spengler, 1797) as this is the oldest available name. For the 
moment the status of Acanthopleura forms (except A. brevispinosa) in the western Indian 
Ocean and Red Sea remains unclear and confusing, and, due to variability between and 
within populations and the lack of sufficient non eroded material from the southern Red 
Sea, final species allocation in this stage is impossible. It is highly questionable if the 
problem can be solved by using traditional systematic research methods alone. 


Subfamily TONICIINAE 
Genus Tonicia Gray, 1847 
Subgenus Lucilina Dall, 1882 


Tonicia (Lucilina) sueziensis (Reeve, 1847) 
(РІ. 5, Fig. 1, Pl. 6, Figs. 1-2) 

Chiton sueziensis Reeve, 1847: pl. 20, spec. & figs. 134; Tillier & Bavay, 1905: 176. 

Chiton (Tonicia) sueziensis; Issel, 1869: 235. 

Tonicia suezensis; (sic) M’Andrew, 1870: 444; Sykes, 1907: 34; Franc, 1956: 21; 
Fishelson, 1971: 122; Mergner, 1979: 480 & 498; Mastaller, 1979: 26, 247,254 & 259. 

Tonicia ptygmata De Rochebrune, 1884: 33. 

Tonicia (Lucilina) suezensis; (sic) Pallary, 1926: 29-30, pl. 4, fig. 7; 

Chiton (Tonicia) suezensis; (sic) Moazzo, 1939: 220. 

Tonicia costata; Mergner, 1979: 480 & 498 (nomen nudum); Mastaller, 1979: 26,247,254 
& 259. 

? Tonicia scabiosus: Mastaller, 1975: 26 (nomen nudum). 

Tonicia dilecta; Mastaller, 1979: 26 (non Lucilina dilecta Thiele, 1911). 

Tonicia perligera; Mastaller, 1979: 26, 254 & 259 (non Lucilina perligera Thiele, 1910); 
Ferreira, 1983: 274. 

Tonica suezensis; (sic) De Brauwer et al., 1981: 165. 

Tonicia sueziensis; Ferreira, 1983: 271-274, figs. 25-28; Kaas, 1986: 18. 

Non Lucilina sueziensis; Lamy, 1938: 88 [= Callochiton vanninii Ferreira, 1983 & Chiton 
(Tegulaplax) hululensis (E.A. Smith, 1903)]. 

Type: BMNH, 1951.2.7.7 (lectotype designated by Ferreira, 1983: 271-272). 

Type locality: Gulf of Suez. 

Material examined: EGYPT:, Suez Canal, near Little Bitter Lake (HLS 1250/7); 
Na’ama (HLS 1249/76); 5 km south of Na’ama (CAS 077082/1); Sharm el Sheik (HLS 
1252/72); Merlin Point (HLS 1251/1, AS 572/1); 6 km north of Hurghada (HLS 1253/1); 
Hurghada (HLS 1615/36v, ER/34v); between Giftun el Kebir and Giftun el Saghir (BDA 
3040/9v); Abu Mingar Island (AS 577/1); Marsa Abu, Makhadig (AS 575/1, AS 619/1); 
Sharm el Naga (RMNH/1, AS 655/1); 5 km south of Ras Adabiya (HLS 1398/7v); Dahab 
(HUJ 20689/5); Wadi Tal (TAU NS 9979/2); Quseir (AS 662/1); 20km south of Hurghada 
(RMNH/6); Abulat Island (MNHN/2); Port Bhewfik (MNHN/3); Gulf of Suez (CAS 
025183/1); Wadi el Dom, (CAS 076871/3); Gimsah Bay (ZMHU/16); El Tor = El Tur? 
(ZMHU/12); ISRAEL:, Elat (HUJ 20685/1, HUJ 20686/7v, HUJ 20688/4, TAU NS 3225/ 
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1, JPB/2, BDA 3233/1); Elat, Coral Beach, (HLS 254/1); Elat, North Beach (JPB/1); 
JORDAN:, Al Aqabah, (HLS 814/15 & 72v, ER/13 & 64v); 11-12 km south of Al Aqabah, 
(KBIN IG 26.374/6,3 as T. costata & 1 as T. perligera); SUDAN:, Sanganeb Reef (BDA/ 
11v);Pt. Sudan, Arons(BDA/4v, HLS 1964/3v); Shabruni Reef (BDA/13v, HLS 1965/6v); 
ETHIOPIA:, Assab (RMNH/1); Dahlak Archipelago, Difuein Island (BDA/5v). 

Description: Normally T. (L.) sueziensis reaches lengths up to 30 mm. An unusually 
large specimen 37 x 23.5 mm (HLS 1250) was collected in the Suez Canal. Tegmentum 
cream to pale yellow mottled with brown, orange and/or black, sometimes partially or 
completely brown, orange or black specimens do occur. Tegmental sculpture variable. End 
valves and lateral areas of intermediate valves with many (ca. 30-40 on valve I) irregular 
granular ribs and conspicuous shiny ocelli (shell eyes). Granules on head valve sometimes 
dispersed, not forming ribs. Initial partofhead valve also with V-shaped rugosities. Central 
areas of intermediate valves and antemucronal area of tail valve with narrow longitudinal 
granular ribs (Pl. 6, Fig. 2), generally initial ribs (ribs nearest to the apex) do not reach 
anterior margin of valve, therefore a relative large jugal area is left smooth, but a few 
somewhat stronger sculptured specimens have ribs covering almost the entire central area, 
leaving only a very narrow, ribbon-like, smooth jugal area. Other specimens have broad, 
flatribs with narrow interspaces (P1. 6, Fig. 1). Girdle leathery, smooth, under magnification 
dorsally covered with very small round-topped, distally grooved spicules. na 

T. (L.) sueziensis was well described by Leloup (1960: 40-42) (general description, 
girdle, aesthetes), Ferreira (1983: 270-274) (general description, girdle and radula) and 
Kaas & Van Belle (1988: 124-125) (girdle and radula). 

Habitat: Under dead coral or stones between low water mark and 13 m depth. 

Distribution: Entire Red Sea, Somalia, the Seychelles, Coetivy Island, Yemen, Oman 
and Arabian Gulf. 

Remarks: T. (L.) sueziensis is a very variable species, a characteristic which can be best 
Observed in the tegmental sculpture (compare Pl. 6, Figs. 1 and 2). The variability of this 
species was not acknowledged or understood by previous authors. Leloup in particular 
failed to see this when he recorded five species of Tonicia from the Red Sea, of which two 
were described as new, in an unpublished manuscript on the chitons collected by Mastaller 
in Jordan. Although this MS was never published the newly proposed names (T. costata 
and T. scabiosus) were used in fauna lists by Mastaller (1979: 26) and by Vine (1986: 172). 
The names remain nomina nuda as no descriptions were given. 


Tonicia (Lucilina) perligera (Thiele, 1910) 
(Pl. 4, Figs. 5-9) 
Lucilina perligera Thiele, 1910: 97, pl. 10, figs. 51-52. 


?Tonicia perligera; Leloup, 1960: 39-40, fig. 4; Mastaller, 1979: 26, 254 & 259; Leloup, 
1980a: 12. 


?Tonicia scabiosus; Mastaller, 1979: 26 (nomen nudum). 


Non Tonicia perligera; Ferreira, 1983: 274 [= Tonicia (Lucilina) sueziensis (Reeve, 
1847)]. 


Type: ZMHU, holotype. 

Type locality: Red Sea. 

Material examined: EGYPT:, Hurghada (HLS 1614/4v, ER/2v); Giftun Kebir Island, 
(BDA/1v, HLS 1963/1v); JORDAN:, Al Aqabah (HLS 865/38v, ER/30v; ?11-12km south 
of Al Aqabah (KBIN IG 26.374/1 = small specimen of T. scabiosus); SUDAN:, Shabruni 
Reef (BDA/1v); RED SEA:, exact locality unknown (ZMHU/1 = holotype). 

Description: Except for the holotype no complete specimens were available. Holotype 
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contracted 11.5 x 6.5 mm, measurements according to Thiele (1910: 97) 14 x 8 mm; largest 
valve examined 9.3 mm wide (HLS 865), total estimated length of that specimen must have 
been about 25 mm. Colour much like that of T. (L.) sueziensis; cream mottled with brown, 
dark grey or orange. Back rounded to subcarinated, dorsal elevation between 0.27-0.39, 
tegmentum of all valves covered with large (diameter 130-150 рт in holotype, to 260 um 
in loose valves studied), well separated and high elevated (up to 150 рт), round to oval 
granules (РІ. 4, Fig. 5). Jugal area of intermediate valves granulated all over or with a few 
flat wrinkles or riblets, jugal sinus pectinated, posterior margins of valves I-VII serrated 
by large granules (Pl. 4, Fig. 8). Shell eyes present but hardly perceptible due to coarse 
granulation. Tail valve sculptured like intermediate valves, mucro posterior, postmucronal 
slope steep, straight or slightly convex (Pl. 4, Fig. 6 & 9). Insertion plates well developed, 
sulcated on outside, slit formula 8/1/8-13 [N = 6 (valve I), N = 8 (valve VIIT)]. 

Holotype has dorsal surface of girdle densely covered with small 30-50 pm long, 
cylindrical, distally grooved, rounded or bluntly pointed spicules. Ventral surface paved 
with small, 30 x 22-25 рт, squarish scales. 

Radulaof holotype 4 mm long, comprising 37 rows of mature teeth. Median teeth narrow, 
ca. 70 рт long, pinched just behind 20 рт wide blade; major lateral teeth have 140 рт 
wide cusps with 4 bluntly rounded denticles. 

Habitat: Unknown. Shell grit from which majority of valves were taken was found in 
2-30 m depth. 

Distribution: At present known only from the Red Sea. 

Remarks: Although the description by Thiele (1910) wasbased on acomplete specimen, 
he didnot give descriptions of the girdle elements orradula. I wasable to study the holotype, 
preserved in alcohol, valves I, V and VIII disarticulated, of which the latter two valves 
nicely match the figures given by Thiele (1910: pl. 10, figs. 51-52). 

I also studied two specimens which Ferreira (1983: 274) reported as T. (L.) perligera, 
but found that they belonged to the form of T. (L.) sueziensis which has the central areas 
sculptured with rather coarse longitudinal granular riblets. 

In many respects this species resembles Tonicia (Lucilina) sueziensis, butitcan be easily 
differentiated by the sculpture of the tegmentum which has large, well separated granules. 


Genus Onithochiton Gray, 1847 


Onithochiton erythraeus Thiele, 1910 
(РІ. 5, Fig. 2) 
Onithochiton erythraeus Thiele, 1910: 98, pl. 10, figs. 53-55. 
Onithochiton lyelli; Leloup, 1960: 42-51, figs. 7 & 9-13 (non Chiton lyellii Sowerby, 
1832); Leloup, 1980a: 12. 
Onithochiton lyelli forma erythraeus Pearse, 1978: 92-100, fig. 3. 
Onithochiton literatus Ferreira, 1983: 274-278, fig. 29 (non Chiton literatus Krauss, 
1848). 
Type: ZMHU (holotype). 
Type locality: Egypt, El Tor = El Tur? 
Material examined: EGYPT:, Abu Rudeis (TAU NS 9978/4); Wadi Tal (HLS 1420/ 
1); Wadi el Dom (CAS 076971/9, HLS 2019/1); El Tor = El Tur? (ZMHU/1 = holotype). 
Description: Medium sized chiton, largest specimen examined 32 mm (CAS 076971), 
largest specimen reported 42 mm (Pearse, 1978: 96), somewhat elongate and round 
backed. Tegmentum shiny, cream mottled with orange, brown and dark grey. Head valve 
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with irregular, undulating, concentric sculpture and 9-14 rows of ocelli. Lateral areas of 
intermediate valves not elevated, with concentric sculpture similar to that of head valve, 
although somewhat less undulating; anterior end of lateral areas with one row of ocelli. 
Central areas with longitudinal, irregular, slash-like sulci, jugal area smooth in most 
specimens. Tail valve flat, triangular, mucro terminal; antemucronal area sculptured like 
central areas of intermediate valves. Slit formula 8/1/0. Girdle dorsally clothed with 
cylindrical, pointed and distally grooved spicules, up to 130 рт. Ventrally paved with 
squarish, striated scales 40 x 30 um (in 31 mm long specimen). Kaas and Van Belle (1988: 
125) give quite different measurements for the girdle elements of a specimen from Oman; 
dorsal spicules 23 x 10 рт and ventral scales 20 x 15 рт. 

An extensive description is given by Ferreira (1983: 274-278). 

Habitat: Under coral rocks and probably in crevices of solid rock, lower intertidal to 
shallow subtidal. 

Distribution: О. erythraeus as here understood occurs in the Red Sea, and in the Western 
Indian Ocean from Oman in the north to Mauritius in the south. 

Remarks: The holotype of O. erythraeus was studied and agrees in all respects with 
Onithochiton material from the Red Sea. It measures 9 x 8.5 mm (in rolled up state), valves 
I, V and VIII are disarticulated, soft parts missing. 

Leloup (1960: 42-53) regarded Red Sea Onithochiton species as conspecific with О. [yelli 
(Sowerby, 1832) from Pitcairn Island. Ihave studied the type specimens of O. [yelli (BMNH 
no. 1985064). The syntype series consists of four, dried, well flattened specimens from 
which the soft parts were removed. The second largest specimen (28.4 x 15.6 mm) is here 
designated as lectotype (РІ. 5, Fig. 3). In my opinion О. lyelli is certainly not conspecific 
with specimens occurring in the Red Sea. The Pitcairn Island species has a different colour 
(blue green and dark brown), a different tegmental sculpture (valve V of lectotype has ca. 
34 fine, very short ribs on each side of central areas) and a less flattened tail valve. 

Ferreira (1983: 274-278) regards O. erythraeus conspecific with O. literatus (Krauss, 
1848) from South Africa. Red Sea specimens were compared with 5 non eroded specimens 
(HLS 502, 503 & 574) of O. literatus from Natal, South Africa. South African specimens 
differ from those of the Red Sea in being generally more eroded, darker coloured, more 
strongly sculptured and the lateral areas of intermediate valves have a more irregular and 
Tugose sculpture than those from the Red Sea. On the other hand the girdle elements and 
radula are remarkably similar in both taxa, which indicate close relationship. On account 
of the different tegmental sculpture and as no intergradations were observed, I would like 
to support the opinion of Kaas & Van Belle (1988: 125-126), who already mentioned the 
difference in sculpture (although unfortunately without indicating what these differences 
are), and retain the name О. erythraeus for specimens from the Red Sea. 


Suborder ACANTHOCHITONINA 
Family ACANTHOCHITONIDAE 
Subfamily ACANTHOCHITONINAE 
Genus Craspedochiton Shuttleworth, 1853 


Craspedochiton laqueatus (Sowerby, 1842) 
Chiton laqueatus Sowerby, 1842: 104. 


Craspedochiton tetricus; Thiele, 1909: 33, fig 27-28. 


Craspedochiton (Craspedochiton) laqueatus; Franc, 1956: 20; Mastaller, 1979: 25 (ex 
Franc, 1956). 
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Placellozona laqueata; (sic) Leloup, 1960: 29. 
Phacellozona laqueata; Fishelson, 1971: 122; Leloup, 1980a: 12. 


Type: BMNH, no. 1988071 (lectotype, designated herein). 

Type locality: Philippines, Mindoro, Calapan. 

Material examined: EGYPT:, Sharm el Sheik (HLS 1297/2); Ile Abulat, Accore E. au 
large Orfévre Sud (MNHN/1); 17 km south of Hurghada (AS 653/1); between Giftun el 
Kebir and Giftun el Saghir (BDA 3037/1); JORDAN:, Al Aqabah (HLS 864/6, ER/3, 
SAM/1); Al Aqabah (HUJ 20684/1); ISRAEL:, Elat (JPB/2, RMNH/1, AS/1, BDA 3232/ 
1). 

Description: Animal of medium size, largest Red Sea specimen recorded 27 x 19mm 
(Leloup, 1980: 12), anterior very wide, gradually narrowing towards posterior. Colour 
variable, tegmentum with different patterns of green, brown, purple and cream; green 
generally dominating in Red Sea specimens. Girdle mostly green, but sometimes blue, 
orange or reddish brown. 

Head valve broad and flat with five low ribs (occasionally six) corresponding with slits 
in insertion plates, coarsely sculptured with irregular shaped granules, ranging from 
roundish to oval to triangular. Intermediate valves with same sculpture, except that jugum 
ofolder specimensare smooth with narrow depressions on both sides. Tail valve flat, mucro 
somewhat anteriorly. Slit formula 5-6/1/7-11. 

Girdle dorsally densely clothed with minute (up to 40 pm long) spicules, with 18-20 tufts 
of 4-6, long (up to 1 mm), cylindrical, smooth, curved needles. Similar, but solitary needles 
to 600 рт long dispersed on the dorsal area, especially on outer margins. Marginal fringe 
consists of ca. 200 рт long, striated spicules. Ventrally the girdle with very remarkable 
clothing of scales. Scales divided into three different types occupying separate zones. 
Scales around foot are long and slender (largest 160 x 45 um), surrounded by conspicuous 
fringe of very large spoon-like scales (largest in 15 mm long specimen: 380 x 150 pm). 
Fringe best developed posteriorly, does not continue around anal area. Outer margin of 
girdle consists of smaller and broader scales (largest 100 x 60 um). All ventral girdle scales 
finely ribbed. 

Thiele (1909) gave a good description of C. laquatusin which he also described the radula 
and girdle elements. 

Habitat: Under rocks in shallow water (0.5 m) up to depths of about 52 m (Seychelles, 


Distribution: A widespread Indo-Pacific species, known from the northern Red Sea to 
the Philippines. 

Remarks: The syntype series of C. laqueatus, was studied and consists of five dried, well 
flattened specimens, ranging from 11.3 x 6.7 up to 17.5 x 11.3 mm in length. Soft parts 
are present in the two smallest specimens, but are absent in the three largest ones. The 
second largest specimen, 17.4 x 11.2 mm, pale violet with green and cream spots, is 
probably the one figured by Reeve (1847: pl. 20, fig. 135), and here designated as lectotype. 


Genus Acanthochitona Gray, 1821 
Acanthochitona penicillata (Deshayes, 1863) 
Chiton penicillatus Deshayes, 1863: 41, pl. 6, fig. 8-10. 
Chiton fascicularis; Audouin, 1826: 147-148 (non Linnaeus, 1767). 


Chiton (Acanthochites) spiniger; Issel, 1869: 235 & 317 (non Chiton spiniger Sowerby, 
1840). 
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?Acanthochites coarctatus, М? Andrew, 1870: 444 (non Chiton coarctatus Sowerby, 
1841). 

?Acanthochites scutiger; M’ Andrew, 1870: 444 (non Chiton scutiger Reeve, 1847). 

Chiton garnoti; Maltzan, 1871: 203 (non Chiton garnoti Blainville, 1825). 

Acanthochites fascicularis; Sturany, 1904: 267 (non Chiton fascicularis Linnaeus, 1767). 

Chiton discrepans; Tillier & Bavay, 1905: 175 (non Chiton discrepans Brown, 1827). 

?Acanthochites nierstraszi Sykes, 1907: 32-33. 


Acanthochites penicillatus; Thiele, 1909: 45, pl. 6, fig 10- 12; Lamy, 1938: 88. 
Chiton (Acanthochiton) penicillatus; Pallary, 1926: 28-29, pl.4, fig. 5; Moazzo, 1939: 218. 


Acanthochitona discrepans; Tomlin, 1927: 291 (non Chiton discrepans Brown, 1827); 
Mastaller 1979: 25. 


?Chiton (Acanthochiton) discrepans; Moazzo, 1939: 218-219 (non Chiton discrepans 
Brown, 1827). 


Acanthochiton penicillatus; Franc, 1956: 20; Leloup, 1952: 9-11, text fig. 4, pl. 1, fig. 3, 
pl. 2, fig. 5; Leloup, 1960: 32; Barash & Danin, 1973: 352; Mastaller, 1979: 25, 238, 
242 & 259; Leloup, 1980a: 6. 

Acanthochitona communis; Barash & Danin, 1977: 14 (non Acanthochites communis 
Risso, 1826); Leloup, 1980a: 1 & 6; Barash & Danin, 1987: 84. 


Chiton fascicularis var. gracilis; Barash & Danin, 1977: 14. 
Acanthochiton fascicularis; Mastaller, 1979: 25 (non Chiton fascicularis Linnaeus, 1767). 


?Acanthochiton gracilis; Leloup, 1980a: 6 (non Chiton gracilis Jeffreys, 1859); Barash & 
Danin, 1987: 84. 


Acanthochitona penicillata; De Brauwer et al., 1981: 165. 
Acanthochitona cf. A. penicillata; Ferreira, 1983: 284-287, fig. 32. 
Chiton sp.; Sharabati, 1984: 16, pl. 1, fig. 3b. 
?Acanthochitona sp.; Sharabati, 1981: 73. 

Type: ?, probably lost. 

Type locality: Réunion. 


Material examined: EGYPT:, 5 km south of Ras Adabiya (HLS 1395/6); Suez Canal, 
near Little Bitter Lake (HLS 1284/13); Uyun Musa (HLS 1288/11); Na'ama (HLS 1283/ 
17); Sharm el Sheik (HLS 1285/19); Merlin Point (HLS 1287/48); Giftun Kebir Island 
(HLS 1289/1); between Giftun el Kebirand Giftun el Saghir (BDA 3036/1 & 6v); Hurghada 
(HLS 1616/14v, ER/12v); 6km north of Hurghada (HLS 1286/30); 7 km south of Hurghada 
(HLS 2023/1, AS 650/1); 16 km south of Hurghada (HLS 1849/1, AS 652/2); Ras Gemsa 
(HLS 1623/2); Marsa Abu, Makhadig (HLS 1650/3, AS 573/2); Abu Mingar Island (AS 
578/4); east side Abu Mingar Island (near Hurghada) (RMNH/1); Dhow Anchorage, 18 
km south of Safaga (AS 584/1); Marsa Murach (TAU NS 3078/1); Abulat Island (MNHN/ 
2); Port Bhewfik (MNHN/2, HLS 1993/1); ISRAEL:, Elat (HUJ 20681/1); JORDAN:, Al 
Aqabah (HLS 1298/38v); 11-12 km south of Al Aqabah, (KBIN IG 26.374/1); SUDAN:, 
Sanganeb Reef (BDA/1v); Pt. Sudan, Arons (BDA/3v); Shabruni Reef (BDA/2y). 

Description: Medium sized chiton, largest Red Sea specimen examined 27 mm long 
(Suez Canal, HLS 1284). Colour variable, mostly cream variegated with black, brown, 
green or yellow, a few specimens uniform white, cream, orange, red or black. Animal 
moderately raised, subcarinated. Tegmentum densely covered with pyriform or drop- 
shaped granules, variable in form, from almost round (seldom) to elongate pyriform, and 
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in size. Jugal areas well defined, little raised, smooth except for growth lines, with about 
10-12 striae on average (ca. 20 mm long) sized specimens. Slit formula 5/1/2. 

Girdle dorsal surface densely covered with small, thin, glassy spicules up to 90 pm long, 
and interspersed with large, curved spicules up to 800 x 50 um. Ventral girdle scales long, 
narrow, and sharply pointed [not rectangular as stated by Ferreira (1983: 286)], up to 140 
x 20 um. 

See for an extensive description of A. penicillata Ferreira (1983: 285-286). Leloup 
(1952: 10) depicted the girdle elements. | 

Habitat: Under stones and dead coral from mean low water to at least 4 meters. 

A. penicillata can crawl on sand. I saw several specimens creeping on sand in Uyun 
Musa, Egypt. Furthermore R. Viader (in Leloup, 1941: 2) makes the following remark 
about this species “il s’aventure souvent sur le sable environnant ou il s’enfouit lorsqu’il 
est surpris par la maree basse”. The same behaviour has also been observed in the east 
American species Acanthochitonapygmaeus (Pilsbry, 1893). Ms.R. Melvin saw specimens 
burrowing in sand and collected them by following the trails they left in the sand (in litt, 
1985). Similar behaviour hasalso been observed in other species from different genera such 
as Pseudotonicia cuneata (Suter, 1908) (Gowlett-Holmes, 1991: 87, fig.3) and Chaetopleura 
angulata (Spengler, 1797) (Mr. G. van den Ende, pers. comm.). 

Distribution: Red Sea, Suez Canal and Western Indian Ocean, from Arabian Gulf to 
Madagascar. a 

Remarks: Acanthochitona nierstraszi was described by Sykes (1907) from material 
collected from a dock wall and from mud-flats at Suez, Egypt. Although Sykes states that 
a good series was collected, no material could be found in the BMNH (Mrs, S. Morris pers. 
comm. 9.11.1988, and Mrs. К. Way in litt. 28.V.1991). Furthermore К. Way informed me 
that the material collected by Crossland in the Red Sea was deposited in Liverpool 
University, but Dr. I. Wallace of the Liverpool Museum (in litt., 13.1.1992) informed me 
that the material has probably been lost. | 

As Sykes provided no illustrations, we сап only rely on his description. Based on that 
description I regard A. nierstraszi a junior synonym of A. penicillata. 


Acanthochitona mastalleri Strack, 1989 
Acanthochiton mastalleri; Mastaller, 1979: 25 & 254; Vine, 1986: 172 (nomen nudum). 
Acanthochitona mastalleri Strack, 1989: 169-172, pls 19-20. 


Type: ZMA, no. 388029/1 (holotype). 

Type locality: Egypt, 6 km north of Hurghada. : 

Material examined: EGYPT:, Merlin Point (2МА 388029/1 = holotype, HLS 1276/ 
1 = paratype); 6 km north of Hurghada (HLS 1277/9 = paratypes); Hurghada (HLS 1617/ 
1v, ER/1v); Marsa Abu, Makhadig (AS 668/1); JORDAN:, Al Aqabah (ER/1 & 2v, HLS 
1278/5v = paratypes); 11-12 km south of Al Aqabah (KBIN no. IG 26.374/1, Bochum 
Universitit/1 = paratypes); SUDAN:, Pt. Sudan, Arons (BDA/1v). 

Description: Animal of moderate size, to 16 x 9.5 mm, little elevated, colour whitish 
maculated with brownor grey, granules white. Tegmentum sculptured with irregular, more 
or less oval, flat-topped to slightly concave granules. Jugal area raised, narrow, sharply 
separated from latero-pleural areas and with 4-7 striae. Latero-pleural areas much reduced, 
with deeply concave anterior margins: Tail valve with prominent mucro, just behind 
center. Slit formula 5/1/2. Girdle very wide, strongly encroaching at sutures, dorsally 
densely covered with minute (20-40 um long) cylindrical, smooth spicules, interspersed 
with smooth, straight or slightly curved, longer (70-100 um) spicules; with 18 very poorly 
developed and inconspicuous tufts. Ventral girdle scales flattened, straight, smooth and 
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sharply pointed, mostly 40-70 рт in length. 

See for a more detailed description Strack (1989). 

Habitat: Under stones, dead coral and shells, from low tide mark to 0.5 m depth. 

Distribution: Red Sea and Oman (Strack, Moolenbeek & Dekker, in preparation). 
Specimens recorded as Cryptoconchus porosus Burrow, 1815 by Leloup (1981a: 21 and 
1981b: 1) from Tuléar and Mayotte, and a specimen recorded as Cryptoconchus burrowi 
(Nierstrasz, 1905) by Van Belle & Wranik (1992: 378, fig. 24) from Socotra Island, Yemen 
(Gulf of Aden) are probably misidentified specimens of A. mastalleri. 


Genus Notoplax H. Adams, 1861 
Subgenus Leptoplax (Carpenter MS) Dall, 1882 


Notoplax (Leptoplax) curvisetosa (Leloup, 1960) 
?Acanthochites coarctatus, M'Andrew, 1870: 444 (non Chiton coarctatus Sowerby, 
1841). 
Acanthochiton curvisetosus Leloup, 1960: 29-31, fig. 1, pl. 1, fig.2; ?Fishelson, 1971: 122; 
Mastaller, 1979: 25. 


Notoplax elegans; Mastaller, 1979: 25, 238, 242 & 254 (nomen nudum); Leloup, 1981a: 
33-35, text fig. 17, pl. 3, fig. 3 (description). 
Notoplax aqabaensis; Mastaller, 1979: 25, 238 & 254; Vine, 1986: 172 (nomen nudum). 

Type: IRSN no. I.G. 22.375 (lectotype, designated herein). 

Type locality: Israel, Elat. 

Material examined: EGYPT:, Na'ama (HLS 1295/1); JORDAN:, Al Aqabah (HLS 
1296/3v, ER/1v); 11-12 km south of AI Aqabah (IRSN IG 24.835/2); ISRAEL:, Elat 
(IRSN I.G. 22.375/1 = lectotype & girdle and radula = paralectotype). 

Description: Animal small, maximallength 11 x 5.5 mm (Leloup, 1960: 29), moderately 
elevated, colour whitish with small brown and pink spots or completely pink. Tegmentum 
sculptured with rather large, wide, triangular granules. Jugum wide, with 12-15 striae. Tail 
valve larger than head valve, mucro prominent and somewhat posterior, postmucronal 
slope straight and rather steep. Slit formula 5/1/6-8. 

Girdle narrow, with 18 inconspicuous tufts of spicules. Dorsal surface densely covered 
with small (60-90 um long), transparent, angularly curved, distally striated and pointed 
spicules, interspersed with larger (up to 230 рт), brownish or colourless, transparent, 
straight or slightly curved and bluntly pointed spicules. Ventral girdle elements similar to 
the small dorsal spicules, but not curved and slightly smaller. 

Radula with 30-41 rows of mature teeth. Major lateral teeth with tricuspid head, denticles 
sharp, median one longest. 

Gills abanal and merobranchial, 10-13 gills per side, anteriormost gill situated halfway 
valve V. 

Habitat: Under stones and dead coral, from 0.5 m to 36 m depth. 

Distribution: Red Sea and Madagascar; also recorded by Leloup (1981b) as Acantochiton 
curvisetosus from Iles Glorieuses. 

Remarks: This species is easily recognised by the rather large triangular granules on the 
lateropleural areas and by its peculiar angularly curved dorsal girdle spicules. 

It was first described by Leloup (1960), but was mistaken for an Acanthochitona because 
he studied only the tail valve of a malformed seven-valved specimen, with a large fissure 
at the posterior edge of the tail valve. Because of this fissure only two slits were counted. 
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Study of the second syntype revealed that between the two outer slits there are six additional 
slits, and therefore the species belongs to the genus Notoplax. 

The slightly damaged (valves I-III and V-VII broken), rolled up and alcohol preserved 
syntype (E 49/52) is here designated the lectotype. Although it is not the figured specimen 
(except for a few girdle elements) it is preferable not to designate a malformed specimen 
as the lectotype. 

Leloup (198 1a) described the same species again as Notoplax elegans. I studied paratype 
material of this species from Tuléar, and it proved to be conspecific withN. (L.) curvisetosa. 

Notoplax s.s. is apparently restricted to a few rather large, very spiculose, sponge 
dwelling species (Gowlett-Holmes, 1991), therefore I have placed N. curvisetosa in the 
subgenus Leptoplax Dall, 1882, the type species of which, Chiton coarctatus Sowerby, 
1841, has many affinities (e.g. similar tegmental sculpture, girdle elements and habitat) 
with N. curvisetosa. 


Family CRYPTOPLACIDAE 
Subfamily CRYPTOPLACINAE 
Genus Cryptoplax Blainville, 1818 


Cryptoplax sykesi Thiele, 1909 
Cryptoplax sykesi Thiele, 1909: 53-54, pl. 6, figs. 83-86; Leloup, 1960: 32-35, fig. 2; 
Mastaller, 1979: 25. 


Cryptoplax striatus; Sturany, 1904: 267 (non Chitonellus striatus Lamarck, 1819); Sykes, 
1907: 33 (Red Sea record?). 


Choneplax parvus; Mastaller, 1979: 26, 238, 254 & 259. 
Cryptoplax enigmaticus Leloup, 19802: 7-10, pl. 1, fig 1-2, pl. 2, fig. 1. 


Type: ZMHU (syntypes). 

Type locality: Egypt?, Gimsah Bay (Red Sea). 

Material examined: EGYPT:,6km North of Hurghada (HLS 1293/1); Sharm el Sheik 
(HLS 1294/1); Hurghada (HLS 1618/14v, ER/6v); 7 km south of Hurghada (AS 615/2); 
Ras Kamisa (BDA 3642/2 = syntypesof Cryptoplax enigmaticus); EGYPT?:, Gimsah Bay 
(ZMHU/1 = syntype); JORDAN:, Al Aqabah (HLS 1050/46v, ER/20v); 11-12 km south 
of Al Aqabah (KBIN IG 24.835/1); ISRAEL:, Elat (KBIN IG 24.835/1 = syntype of C. 
enigmaticus). 

Description: Medium sizedchiton, largest Red Sea specimen examined 22mm long(AS 
615), largest specimen recorded 31 mm (Ferreira, 1983: 287; from Zanzibar). Animal 
vermiform elongated, but relatively wide for genus, valves small, not separated from each 
other, colour white or light brown mottled with reddish brown or dark brown. Valves 
elongate and convex, with raised, smooth jugum and 4-7 rows of granules, often coalescing 
into longitudinal riblets, on each side of jugum. Mucro of tail valve posterior, postmucronal 
slope mostly convex. Slit formula 3/0/0. Girdle dorsally densely clothed with straightround 
topped spicules up to 150 x 40 pm, interspersed (sometimes densely) with larger (up to 370 
x 60 рт), curved spicules. Ventrally covered with slender, sharply pointed spicules up to 
100 x 12 pm. 


A more detailed description of C. sykesi can be found in Leloup (1980a: 8-10, as C. 
enigmaticus), Ferreira (1983: 287-289) and Kaas (1986: figs. 73-81). 


Habitat: In dead coral and under stones from low water mark to 25 m. 
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Distribution: Western Indian Ocean from thenorthern Red Sea to Durban, South Africa; 
easternmostrecords Madagascar, Réunion and Mauritius. Leloup (1937: 2,as C. dawydoffi 
and 1940: 9-13) recorded C. sykesi from Vietnam, a record that needs verification. 


Remarks: Although Leloup at first recognized C. sykesi as a western Indian Ocean 
species, occurring in the Red Sea (1960: 32-35), he later described the same species twice; 
first as Cryptoplax enigmaticus Leloup, 1980, later as Choneplax parvus Leloup; 1981. 
The synonymy of the former was suggested by Ferreira (1983: 289). Description and 
illustrations of the latter totally agree with the description and specimens of C. sykesi, 
therefore it is here regarded as a junior synonym of C. sykesi. 


DISCUSSION 


Knowledge of the distribution of chitons in the Red Sea remains largely insufficient. The 
data available reflect the uneven distribution of collecting sites rather than reliable 
zoogeographical distribution patterns. From localities in the North (Gulf of Suez and Gulf 
of Aqaba) relatively large collections are available for study, but there is little material from 
areas south of the two gulfs. From Saudi Arabia (which constitutes almost the entire east 
coast of the Red Sea) for instance there are only very few records and specimens from 
around Jiddah (= Djeddah). The situation in Sudan, Ethiopia and Yemen is not much 
better. Only about 8 % of all records and 2 % of all studied specimens originate from the 
central and southern Red Sea which constitutes 75 % of the studied area. These records are 
mainly based on a few, old museum specimens and have not been reconfirmed recently. 
Therefore it is impossible to indicate how many western Indian Ocean species penetrate 
into the Red Sea and to what extent. 

At the species level the situation is similar. Of the 23 species reported in this paper, six 
[Lepidochitona monterosatoi Kaas & Van Belle, 1981, Lepidozona luzonica, Callistochiton 
adenensis, Schizochiton jousseaumei, Chiton (Rhyssoplax) heterodon and Chiton 
peregrinus] are only known from one or two, in most cases very old, records. Except for 
L. monterosatoi these species probably only occur in the southern Red Sea. The occurrence 
in the Red Sea of three further species [Leptochiton nierstraszi, Leptochiton (Parachiton) 
sp. and Tonicia (Lucilina) perligera]is only ascertained by one or very few records of loose 
valves alone. 

Hitherto no Red Sea records of species belonging to the large and widespread suborder 
Lepidopleurina were known. In this paper the occurrence in the Red Sea of three species 
[L. nierstraszi Leloup, 1981, Leptochiton (Parachiton) hylkiae n. sp. and Leptochiton 
(Parachiton) sp.] is ascertained. 

Antilessepsian migration (from Mediterranean to Red Sea) of chitons has been reported 
by Leloup (19802). Barash & Danin (1987), followed Leloup in recording 6 species as 
antilessepsian migrants. I studied the material reported by Leloup, and found that all 
former reports of antilessepsian migration of chitons are due to misidentifications. The 
only possible record of antilessepsian migration is that of two specimens of L. monterosatoi. 
These were misidentified by Leloup (1980a: 11) who recorded them as Middendorfia 
caprearum (Sacchi, 1836) [= Lepidochitona corrugata Reeve, 1848], a common 
Mediterranean species. As L. monterosatoi was only recently described from the 
Mediterranean, there is no proof of its occurrence in the Mediterranean before the opening 
of the Suez Canal (1869). Its status as probable antilessepsian migrant is at present only 
based on the fact that this species is far more common in the Mediterranean. 

Lessepsian migration in chitons is a rare phenomenon, and the only known record is two 
specimens of Chiton (Tegulaplax) hululensis,recorded by Barash & Danin (1977: 13) from 
the Mediterranean coast of Israel. 
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Endemism is believed to be very high in the Red Sea. Percentages of 70% for crinoids, 
31% for decapod Macrura, 33% for decapod Brachyura (Ekman, 1953: 28-29) and 36% 
for opisthobranchs (Heller & Thompson, 1983: 345) are recorded. Such high percentages 
do not correspond with results presented here in which only 9% (two species, e.g. L. (P.) 
hylkiae and T. (L.) perligera) of the chitons are endemic. At present 16 of the 23 species 
(= са. 70%) аге also known in the western Indian Ocean, and an additional 3 [L. luzonica, 
C. (T.) hululensis, and Craspedochiton laqueatus] are widespread Indo Pacific or Indo- 
West Pacific species. The above results demonstrate that the Red Sea chiton fauna has 
strong affinities with the western Indian Ocean fauna, and does not constitute a separate 
zoogeographical entity. 
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Plate 1. 


Plate 2. 


Plate 3. 


Plate 4. 


Plate 5. 


Plate 6. 


Plate 7. 


1. Leptochiton nierstraszi (Leloup), Hurghada, Egypt (HLS 1611), intermediate valve, 28 x. 2- 
8. Leptochiton (Parachiton) hylkiae n.sp., Sharm el Sheik, Egypt, paratype (HLS 1953): (2) head 
valve, 13 x; (3) valve IV, 11 x; (4) tail valve, dorsal view, 11 x; (5) tail valve, lateral view, 11 x; 
(6) valve IV, detail, 16 x; (7) valve IV, sculpture central area, 129 x; (8) marginal spines, 230 x. 


1-3. Leptochiton (Parachiton) hylkiae n.sp., Sharm el Sheik, Egypt, paratype, (HLS 1953): (1) 
dorsal girdle scales, 550 x; (2) halfrow ofradular teeth, 133 x; (3) radula, cusps major lateral teeth, 
275 x. (4) Leptochiton (Parachiton) hylkiae n.sp., south side Giftun Kebir Island, Egypt, holotype 
(RMNH 9313), 4.8 x. 5-7. Leptochiton (Parachiton) sp., Hurghada, Egypt (HLS 2031): (5) tail 
valve, dorsal view, 22 x; (6) tail valve, lateral view, 28 x; (7) tail valve, sculpture antemucronal 
area, 130 x. 8. Callochiton vanninii Ferreira, Merlin Point, Egypt (HLS 1290), 4 x. 9. 
Lepidochitona monterosatoi Kaas & Van Belle, Manolas, Thirassia, Greece (HLS 1119), 5x. 


1. Lepidozona luzonica (Sowerby) [=lectotype Lepidopleurus concharum De Rochebrune], Red 
Sea (MNHN),3.5 x. 2. Ischnochiton yerburyi (E.A. Smith), Merlin Point, Egypt (HLS 1246), 2.2 
x. 3. Callistochiton adenensis (E.A. Smith), Red Sea (HLS 1995), 1.8 x. 4-5. Schizochiton 
jousseaumei Dupuis, Barim Island, Yemen, holotype (MNHN): (4) partly disarticulated animal 
with valves II-VI, 3.9 x; (5) disarticulated valves I, II, VII & VIII, 3.1 x. 6-7. Schizochiton 
jousseaumei Dupuis, Socotra Island, Yemen (R.A. Van Belle): (6)valvesI, V, VIII, 1.8x; (7) valve 
VIII, ventral view, 3.8 x. 8. Chiton peregrinus Thiele, Djibouti (MNHN), ca. 1.4 x. 9. Chiton 
(Tegulaplax) hululensis (E.A. Smith), between Giftun Kebir and Giftun Saghir, Egypt (BDA 
3042), 1.8 x. 


1. Chiton (Rhyssoplax) affinis Issel, Sharm el Sheik, Egypt, (HLS 1264), 2.0 x. 2. Chiton 
(Rhyssoplax) maldivensis (E.A. Smith), Na'ama, Egypt, (HLS 1291), 3.2 x. 3. Acanthopleura 
vaillantii de Rochebrune, Sharm el Sheik, Egypt (HLS 1280), 1.1 x. 4. Acanthopleura cf. 
vaillantii de Rochebrune [= Acanthopleura testudo (Spengler)?], Aden, Yemen (RMNH), 1.4 x. 
5-9. Tonicia (Lucilina) perligera (Thiele), Al Aqabah, Jordan, (HLS 865): (5) sculpture 
antemucronal area tail valve, 70 x; (6) tail valve, lateral view, 13.5 x; (7) head valve, 11.3 x; (8) 
intermediate valve, 11.3 x; (9) tail valve, 11.3 x. 


1. Tonicia (Lucilina) sueziensis (Reeve), Suez Canal, near Little Bitter Lake, Egypt (HLS 1250), 
1.8 x. 2. Onithochiton erythraeus Thiele, Wadi el Dom, Egypt (CAS 076971), 1.7 x. 3. 
Onithochiton lyelli (Sowerby), Pitcairn Island, lectotype, (BMNH 1985064), 1.8 x. 4. 
Craspedochiton laqueatus (Sowerby), Calapan, Міпдота Island, Philippines, lectotype (BMNH 
1988071), 2.3 x. 5. Craspedochiton laqueatus (Sowerby), Sharm el Sheik, Egypt, juvenile 
specimen (HLS 1297), 3.4 x. 6. Acanthochitona penicillata (Deshayes), Merlin Point, Egypt 
(HLS 1287), 2.0 x. 7. Acanthochitona mastalleri Strack, Merlin Point, Egypt, paratype (HLS 
1276), 3.2 x. 8. Notoplax (Leptoplax) curvisetosa (Leloup), Al Aqabah, Jordan (IRSN IG 
24.835), 5.6 x. 9. Cryptoplax sykesi Thiele, 6 km North of Hurghada (HLS 1293), 2.7 x. 


1. Tonicia (Lucilina) sueziensis (Reeve), near Little Bitter Lake, Suez Canal, Egypt (HLS 1250), 
valve IV, 6.0x.2. Tonicia (Lucilina) sueziensis (Reeve), Sharm el Sheik, Egypt (HLS 1252), valve 
V, 6.9 x. 3-6. Chiton (Rhyssoplax) heterodon (Pilsbry), Djibouti (RMNH): (3) dorsal girdle 
scales, 108 x; (4) head valve, 6.9 x; (5) valve IV, 6.9 x; (6) tail valve, 6.9 x. 


1-2. Leptochiton nierstraszi (Leloup), Hurghada, Egypt (HLS 1611): (1) granule ofintermediate 
valve, lateral view, 145 x; (2) worn granule on jugal area intermediate valve, dorsal view, 145 x. 
(3.) Ischnochiton yerburyi (E.A. Smith), Sharm el Sheik, Egypt (HLS 1248), girdle, marginal 
needle, 145 x. 4-7. Schizochiton jousseaumei Dupuis, Socotra Island, Yemen [R.A. Van Belle 
(radula) & HLS 1996 (girdle elements)]: (4) radula, cusp major lateral tooth, 220 x; (5) ventral 
girdle spicule, 145 x; (6) dorsal girdle ѕрісше, 145 x; (7) dorsal girdle spinelet, 110 x. 8-9. Chiton 
(Tegulaplax) hululensis (E.A. Smith), Giftun el Saghir, Egypt (HLS 1851): (8) radula, central 
tooth, 145 x; (9) radula, cusp major lateral tooth, 145 x; 10-16. Chiton (Rhyssoplax) maldivensis 
(E.A. Smith), Na’ama, Egypt (HLS 1291): (10) radula, central tooth, 145 x; (11) radula, cusp 
major lateral tooth, 145 x; (12) girdle, marginal needle, 145 x; (13) girdle, marginal spicule, 145 
x; (14) ventral girdle scales, 145 x; (15) isolated dorsal girdle scale, 145 x; (16) dorsal girdle scales 
in situ, 145 x. 
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Variability of Acrosterigma elongatum, a polytypic species 
(Mollusca, Cardiidae) 


Jacques Vidal 


Laboratoire de Malacologie, Museum National d'Histoire Naturelle, 55 rue Buffon, 
75005 Paris, France. 


ABSTRACT 


The detailed study of general features and rib structure on numerous specimens of 
the subfamily Trachycardiinae from the Indo-West Pacific, generally identified as 
Acrosterigma elongatum, A. enode, A. serricostatum, A. okinawaense and A. 
wilsoni, and comparison between them, shows that they are conspecific and belong 
to a polytypic species: Acrosterigma elongatum (Bruguière, 1789). Although there 
are numerous intermediate forms, six geographically distinct subspecies can be 
defined. 


INTRODUCTION 


The group in question is widely distributed in the intertropical zone of the Indo-West 
Pacific, and is often locally abundant. Its representatives are always readily distinguished 
from the other Cardiidae but they are themselves geographically variable. Many of these 
geographic variations are very distinct and have been considered as specifically different 
(as seen, for example, on plates 1- 3.). This is why several nominal species have been 
described in this complex: Acrosterigma elongatum (Bruguière, 1789), a form mainly from 
Philippines and Moluccas; Acrosterigma enode (Sowerby, 1840), a form without any 
tangible type specimen, interpreted very variously by subsequent authors; Acrosterigma 
pulicarium (Reeve, 1845) also lacks a type specimen and is possibly a juvenile form; 
Acrosterigma serricostatum (Melvill & Standen, 1899), a small form, probably juvenile, 
from Torres Strait; Acrosterigma okinawaense (Kuroda, 1960), a form from Japan, 
Acrosterigma wilsoni (Voskuil & Onverwagt, 1991), a distinctive form from Western 
Australia. 

If only a small number of specimens were examined, any observer would consider these 
to be distinct species. However, after examination of more than 400 individuals, many of 
them transitional, I have concluded that they all represent a single polymorphic species: 
Acrosterigma elongatum (Bruguiere, 1789). 

Within this species, as shown below, four levels of variation can be observed. These are: 
1)- Individual variation: The outline of the shell and rib structure can strongly vary on each 
individual during the growth of the shell. 2)- Collective variation: From one individual to 
another the above individual variation is of different intensities, both in outline and rib 
structure, and can be small or very marked. The combination of these variable elements 
leads to multiple forms in adult shells, the juvenile shells always being similar. 3)- 
Population variation: The above combination of characters does not occur totally at 
random, and it is possible to observe basic combinations, some groupings of characters, 
which appear more frequently. In all I have recognized six groups, each one including 
mainly forms close to the basic typical combination. In every area, each population is 
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formed mainly by individuals belonging to one dominant group, beside intermediate forms 
and possibly some rare other forms in other groups. 4)-Geographic variation: The 
dominant groups constituting the local populations vary geographically. In the Indo- 
Pacific, six different areas, each with distinctive shell morphology have been considered. 


MATERIALS AND METHODS 


The examined material comes from the collections of several Museums: 
ANSP: Academy of Natural Sciences - Philadelphia. 

AMS: Australian Museum - Sydney. 

BM(NH): British Museum (Natural History) - London. 

IRSNB: Institut Royal des Sciences Naturelles de Belgique - Brussels. 
LACM: Los Angeles County Museum of Natural History - Los Angeles. 
MHNG: Museum d'Histoire Naturelle de Genéve - Geneva. 

MNHN: Museum National d'Histoire Naturelle - Paris. 

NHMYV: Naturhistorisches Museum - Vienna. 

NNM: Nationaal Natuurhistorisch Museum - Leiden. 

USNM: United States National Museum (Smithsonian Institution) - Washington. 
WAM: Western Australian Museum - Perth. 

ZMA: Zoologisch Museum - Amsterdam. 

More than 400 individuals were examined. Among them about 10% only are considered 
as juvenile (less than 7 cm in height). The origin of these specimens is from the following 
areas: INDIAN OCEAN: Kenya, Zanzibar, Mozambique, oriental Africa, Madagascar, 
Mauritius, Seychelles, Maldives, Sri Lanka, Thailand, Sumatra Indonesia, Singapore, 
Western Australia, Northern Territory. PACIFIC OCEAN: Japan, Philippines, Borneo, 
Malaysia, Moluccas Indonesia, Irian Jaya, Papua New Guinea, Caroline Islands, Marshall 
Islands, Wallis Islands, Tonga, Fiji, Solomon Islands, Vanuatu, New Caledonia, Queensland. 

This examination includes all the type material, except for A. okinawaense of which, 
however, I was able to obtain good photographs. 

Characters examined: 1)- General characters of the shell at juvenile and adult stages: 
general outline, symmetry or asymmetry, dimensions (Hz height, L= length, W = width, 
always giveninthe same order: Hx Lx W), ratios between length and height (L/H), colours 
on the exterior and the interior. 2)- Other external features such as the structure of the the 
umbo, the ligament, and the pseudo-lunular area, etc. 3)- Hinge characters. 4)- Sculptural 
characters: a)- Rib number. b)- Structure of the ribs and interstices and nature of their 
ornaments. These elements are variable on a single shell according to the position of the 
rib on the shell and, ona givenrib, according to the stage of growth, i.e. the position between 
the umbo and the ventral margin. Thus the position and ontogeny of the ornamentation 
must be considered. It was recorded both from the first formed part of the shell, near the 
umbo, and the newer part, near the shell margin. These ontogenic changes are always the 
same, but can have a different “gradient” according to the specimen considered, i.e. they 
can occur more rapidly or more slowly. The changes do not stop in the marginal areas at 
the same stage from one shell to another and consequently there are different configurations 
from one specimen to another. 

In spite of this variability in adult specimens, the ornamentation of the the earliest stage 
of growth, the "juvenile stage" (corresponding to the umbonal part of the shell), is always 
the same and is often appreciably different from the one of the marginal part of the shell 
corresponding to the "adult stage". The juvenile stage is the earliest part of the post- 
metamorphosed shell, from the umbo, between 0.5 and 3 or 4 cm in height. In order to 
simplify the descriptions, the specimens with a small amount of variation in rib structure 
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from the juvenile stage will be called “рейотогрћіс”, whereas those with a significant 
change of sculpture are called “‘allomorphic”. 

The shells are divided concentrically into four areas, each one representing about a 
quarter of the shell and generally having a different ornamentation. These four quarters 
are designated by initials: АО = Anterior Quarter, МАО = Medio Anterior Quarter, MPQ 
= Medio Posterior Quarter, PQ = Posterior Quarter. The description of ribs in the posterior 
quarter generally takes no account of the two or three last ribs and interstices which are 
often different. In addition to this, each quarter will be divided into two parts according 
to the stage of growth: an umbonal part representing the juvenile stage of growth, and a 
marginal or adult part representing the final stage of growth. The limit between these two 
parts is progressive and its location variable with each specimen. 


SYSTEMATICS 


I have subdivided the listing of denominations into synonymy sensu stricto and 
chresonymy (i.e. the subsequent usage of the synonyms) and in each of these two 
subdivisions I separate the correct and the incorrect usages. I have not tried to list all 
chresonymic references, but have restricted myself to the ones with adequate illustration, 
not elsewhere cited. An almost complete list of chresonyms is found in Fischer-Piette 
(1977). 

It is not the purpose of this paper to deal with genus level problems and I provisonally 
adopt Wilson & Stevenson's solution, and the choice of the genus Acrosterigma (see 1977, 
pages 73-77). 

Family Cardiidae Lamarck, 1809. 
Subfamily Trachycardiinae Stewart, 1930. 
Genus Acrosterigma Dall, 1900. 


Acrosterigma elongatum (Bruguière, 1789). 


Synonyms: 
Cardium elongatum Bruguière, 1789: 228. 
Cardium enode Sowerby, 1840a, fig. 51; 1840b: 108. 
Cardium (Trachycardium) serricostatum Melvill & Standen, 1899: 191, pl.11, fig.20. 
Trachycardium (Acrosterigma) okinawaense Kuroda, 1960: 82. 
Trachycardium wilsoni Voskuil & Onverwagt, 1991: 64, pl. 3, fig. 1. 


Uncertain synonyms: 
Cardium pulicarium Reeve, 1845, Sp. 102, pl. 19, fig. 102. 
Cochlea nebulosa Martyn,1786, 3, pl. 140. 


Not synonyms: 


Cardium magnum Linnaeus, 1758, sensu Clench & Smith 1944 suggested as a possible 
synonym by Fischer-Piette (1977). 

Eleven nominal species, erroneously considered by Fischer-Piette (1977) as synonyms 
ofA. enode: 1)- Cardiumarenicolum Reeve, 1845.2)- Cardium gratiosum Deshayes, 1854. 
3)- Cardium lacunosum Reeve, 1845. 4)- Cardium leucostomum Born sensu Reeve, 1845. 
5)- Cardium maculosum Wood, 1815. 6)- Cardium mauritianum Deshayes, 1854. 7-) 
Cardium multistriatum Sowerby, 1833.8)-Cardium nebulosum Reeve, 1845.9)- Cardium 
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trancendens Melvill & Standen, 1899. 10)- Cardium tumidum Deshayes, 1854. 11)- 
Cardium unicolor Sowerby, 1840. 


Cardium flavum Linnaeus, sensu Fischer-Piette (1977), erroneously considered as a 
synonym of Cardium serricostatum. 


Chresonymy: 
Correctly attributed: 


Cardium elongatum: Rómer, 1869: 53, pl. 10, fig. 8 & 9. 

Acrosterigma elongatum: Wilson.& Stevenson, 1977: 78, pl. 5, fig. 1-4. 
Trachycardium elongatum: Drivas & Jay, 1988b: 17, fig. 12. 

Trachycardium elongatum: Voskuil & Onverwagt, 1991: 68, pl. 3, fig. 7-8. 

Cardium enode: Rómer, 1869: 59, pl. 11, fig. 9. 

Vasticardium enode: Kuroda et al.,1971: 620 & 399 pl. 89, fig.3. 

Acrosterigma enode: Wilson & Stevenson, 1977: 79,р1.5 fig. 8- 9. 

Trachycardium (Vasticardium) enode: Springsteen &Leobrera, 1986: 306, pl. 87, fig. 1. 
Cardium (Trachycardium) serricostatum Melvill & Standen: Melvill, 1909: 75 & 133. 
Vasticardium pulicarium (Reeve): Cernohorsky, 1972: 22, pl. 63, fig. 8. 


Incorrectly attributed: 


Trachycardium (Vasticardium) elongatum: Springsteen & Leobrera, 1986: 307, pl. 87 
fig. 7 [= Acrosterigma fidele Vidal, 1992]. 


Trachycardium serricostatum: Abbott & Dance, 1982: 328 [= probably Trachycardium 
luteomar ginatum Voskuil & Onverwagt, 1991: 61, pl. 2, fig. 5-6]. 


Trachycardium enode: Oliver, 1992: 126, pl. 23, fig 5a-b [= T. luteomarginatum Voskuil 
& Onverwagt,1991:61, pl. 2, fig. 5-6]. 


, 


Type material 


Cardium elongatum: Bruguière (1789) based his detailed description upon the specimen 
in Lamarck's personal collection, now stored in MHNG (Reg. No 1085/54). This shell is 
95 mm high and 70 mm long (L/H- 0.74), with 39-40 ribs. According to Lamarck (1819: 
9), the species "habite les mers d' Amérique ?", which is certainly erroneous. Bruguiére has 
no opinion concerning the origin of the specimen. In addition, he refers to six illustrations 
among which three, from Lister (1687, pl. 331, fig. 168), Chemnitz (1782, pl. 17, fig. 179) 
and Born (pl.3, fig. 6-7), represent C. magnum Linnaeus sensu Clench & Smith 1944, from 
the American Atlantic. Among the three others, the illustration from Seba (1758, pl. 86, 
fig. 3) is certainly different from C. magnum (large size, about 40 ribs), and is probably 
conspecific with the shell in Geneva, and the two others (Klein, 1753: 144 and Favanne, 
1784, pl. 52, fig. G) are unidentifiable. Consequently, C. elongatum is based upon seven 
syntypes belonging to at least two species. It is therefore necessary to select a lectotype. I 
selectaslectotypeof Cardium elongatum Bruguière, the specimen in MHNG quoted above. 
Its original locality is not known. 

Cardium enode: Sowerby (1840b: 108) refers to only one shell figured in his Conchological 
Illustrations (1840a, fig.51), stated as coming from Sri Lanka. I consider this origin as 


questionable, because similar forms have never been observed in the Indian Ocean (see 
below). 
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Voskuil & Onverwagt (1991: 70) assert they have discovered two syntypes of C. enode 
Sowerby from Cuming’s collection in BM(NH), No 1991-044, and selected the smallest 
as lectotype (1991, pl. 3, fig, 9). They write “ The smallest specimen, 83.5 mm high x 69 
mm long x 50 mm wide, with 38 ribs, fits the type illustration and description of Cardium 
enode best”. Although I have seen only photographs of these shells, I cannot agree to that 
for the following reasons: 1)- The selected lectotype, contrary to what they assert, does not 
have the dimensions of the specimen cited and figured by Sowerby. The former has the 
following dimensions: 83.5 x 69.0 x 50.0 mm, when the latter, as indicated by Sowerby, 
is 2.60 x 2.30 x 1.60 poll. [pollex in Latin = thumb = inch = 25.4 mm] or 66.0 x 58.4 x 40.6 
mm, dimensions which correspond perfectly with Sowerby’s figure, but not with any of the 
so-called syntypes which are too large. 2)- Notonly the dimensions, butalso the proportions 
do not fit Sowerby’s indications: Sowerby’s shell is less elongated (L/H=0.88, versus 0.83 
for the other). In addition, this shell is regularly subcircular, without any posterior 
truncation, when the “lectotype” is appreciably posteriorly truncated. 3)- Theornamentation 
is also different on both shells: on Sowerby’s shell, the interstices between the ribs are 
extremely narrow (“angustissimis”, as indicated), when on the “lectotype” they are 
somewhat wider. 

Among the different subspecies of A. elongatum which will be described below, 
Sowerby’s shell could belong to a group from the Pacific, when the supposed syntypes are 
close to the forms of the Indian Ocean. 

Cardium serricostatum: Figured syntype specimen (Melvill & Standen 1899, pl. 11, fig 
20) in BM(NH) (Reg. No 1899-2-23-10): one single left valve from Torres Strait, 20 mm 
high with 40 ribs. In my opinion it is a juvenile specimen of A. elongatum. 

Trachycardium okinawaense: This name first appears (as Vasticardium serricostatum 
okinawaense Kuroda M.S.) in Habe (1951: 145). Kira (1955, pl.55, fig.11) figures it as 
Vasticardium serricostatum Kuroda M.S.. Kira (1959: 139) gives a description of the 
species, in Japanese, under the name Vasticardium serricostatum Melvill & Standen var., 
with the same illustration. Kuroda (1960: 82) describes it as a new species (in Japanese) 
with the name Trachycardium (Acrosterigma) okinawaense, and designates as type 
specimen the shell figured by Kira in 1955 and 1959. The shell is described in English by 
Kira in 1962 (page 157), still with the same figure (pl. 56, fig. 11). The dimensions of the 
shell given by Kira are: 59.8 x 45.0 x 42.7 (L/H=0.75). The type locality is Amami Islands, 
without more precision. Kira's illustrated material is stored in Osaka City Museum 
(Natural History), not available for loan. In my opinion the figured type of A. okinawaense 
represents a small (but adult) specimen of A. elongatum. 

Trachycardium wilsoni: The holotype of T. wilsoni ( see PI. 2, fig. 1а-Б) is deposited in 
NNM in Leiden (Holland). This shell (NNM No 56583), from Broome, Western Australia, 
is 70.5 x 51 x 39 mm (L/H = 0.72), with 43-44 ribs. It is a perfect pedomorphic form of 
A. elongatum. Thirteen paratypes have been designated. Among them six from Western 
Australia and four from Queensland are not stored in any museum but are in private 
collections, and so I have been able to examine only the three deposited in museums (the 
following numbers are mine, in order of citation in Voskuil & Onverwagt’s article): 
Paratype No. 4 (WAM No 732-66), from Rosemary I., Western Australia. It is 75 x 55 x 
46 mm (L/H = 0.73), with 37-38 ribs. It is also pedomorphic and typical. Paratype No. 12 
(МММ No 56584), from Fiji, is65.0x47.5x38.1mm (L/H=0.73), with 40-40ribs. It shows 
a beginning of allomorphism. Paratype No. 13 (NNM No 56585), from the Moluccas, is 
79.1 x 63.1 x 38.1 (1/Н = 0.80), with 36-37 ribs. It is a form close to Indian Ocean forms, 
with a slight allomorphism and a small elongation, and is rather different from the 
holotype. This specimen is also slightly "tuberculated" (see below). 

Cardium pulicarium: The type specimen is figured by Reeve (1845, fig. 102). Apparently 
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it has not been traced anywhere. No locality is given. This shell could also be a juvenile 
specimen of A. elongatum. 

Cochlea nebulosa: Iredale (1927: 75) took this shell, only known by the above cited 
figure, as type of the genus Vasticardium, considering itas synonym of Cardium elongatum 
Bruguière. In my opinion the drawing of Martyn is not sufficient to be sure of the real 
identity of the shell. In addition the rib number is 27 or 28, possible but exceptional for A. 
elongatum. 


DISCUSSION 
History of the interpretations of the various forms of A. elongatum: 


As already mentioned, Acrosterigma elongatum is a very variable species both in its 
shape and in its rib structure. These two characters vary quasi-independently, leading to 
many different forms. In addition, juvenile specimens can look different from adult ones 
and can be considered as different species, as in the case of C. serricostatum Melvill & 
Standen, and probably also C. pulicarium Reeve. 

As far as adult forms are concerned, extreme forms as mentioned above can easily be 
considered as specifically different: 

The first error was made by Sowerby, who considered as specifically different from C. 
elongatum these almost circular forms ( L/H= 0.88) with a different rib structure, and 
described a new species Cardium enode. However, Reeve recognized that C. elongatum 
included these “circular” forms and unusually gave two figures (1844, plate 9) for his Sp. 
46 Cardium elongatum: figure 46 for an elongated form, and figure 47 forthe circular form. 
Reeve wrongly attributed the name C. enode to a rather elongated specimen (1845, Sp. 73, 
fig. 73) probably because he took in consideration only one criterion to differentiate both 
species: the"overwrapping"ofthe marginalserrationsin the MPQ which Sowerby (1840b) 
also used. However this character can occur in both forms (see below). 

Following Sowerby and Reeve, only rarely have two nominal species been considered, 
as, for example, Romer (1869) (two different species) or Hidalgo (1903) (two synonyms). 
The other authors generally mentioned only one of the two names (for example C. enode 
used in Japan, C. elongatum in the Indian Ocean, etc.) and their reasons for the choice of 
one name rather than the other were never specified. 

Kuroda (1960) introduced a new species: T. okinawaense, for a form from Okinawa Is, 
previously identified as a subspecies of serricostatum, and considered it as different from 
those from Japan sensu stricto which he still identifies as enode. The taxon okinawaense 
is last cited by Kira (1962: 157). Habe, who had introduced it in Japan (1951: 145), does 
not include it in his list in 1977 (page 165). On the other hand the name enode, used first 
also in Japan by Habe in 195 1, still continues to be exclusively utilized (for example: 
Gakken 1975: 118, Okutani er al., 1989: 101). This utilization is certainly erroneous, 
because the Japanese specimens are among the most different forms from the one described 
by Sowerby as enode in the whole of A. elongatum complex. 

The opinion of Fischer-Piette (1977) is not completely clear about A. elongatum and 
enode. It seems that he considers them as Synonyms, and synonymizes them incorrectly 
with many other species (see above). 

Wilson & Stevenson (1977) try, for the first time, to clarify the problem of elongatum 
and enode. They consideras A. elongatumthe pedomorphic forms (Western Australia and 
Indian Ocean), and as A. enode the allomorphic forms (Pacific Ocean). Unfortunately they 


appear to ignore that Bruguiere'stypeof C. elongatum isanallomorphic form corresponding 
to what they describe as enode. 
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In 1991, Voskuil & Onverwagt, recognizing this latter fact, attempt to solve the problem 
by introducing anew species (T. wilsoni) for the forms of Western Australia, but they retain 
the two additional species T. elongatum and T. enode, the latter being separated in theory 
with the same criteria as Sowerby (outline and “overwrapping”). 

Lamprell & Whitehead (1992, pl. 28-29) mention only two species in Australia: A. 
wilsoni and A. elongatum, but there is no mention of A. enode. 

Finally, Oliver (1992: 126, pl. 23, fig. 5a-b) erroneously identifies as enodeaspecies from 
the Red Sea and Indian Ocean recently identified as T. luteomarginatum Voskuil & 
Onverwagt, 1991. [= T. marerubrum V. & O., 1991]. This species, previously diversely 
interpreted, but mainly as C. leucostoma Born sensu Reeve, does not belong to the 
elongatum complex. 

In the beginning of my study, when only limited material was available, I also tended to 
try to recognize several species in the elongatum complex, but my attitude changed as new 
material progressively filled in the gaps which might have been considered as delineating 
species. 


DESCRIPTION 
General characters: 


Dimensions: Acrosterigma elongatumis probably the largest ofall living Trachycardiinae. 
Dimensions of the largest specimen examined, from Port Vila, Vanuatu (BM(NH) 
uncatalogued)): H= 139.3, L= 118, W= 89 mm. Iredale (1927: 75) based his name 
Vasticardium (synonym of Acrosterigma) on this character and noted a specimen 137.5 
mm high from Vanikoro, here figured (pl. 3, fig. 6a-b), with 40 ribs. 

Shape: Outline of the shell very variable: the young shell is not elongated, often almost 
circular, and equilateral. The adult shell can sometimes be roughly equilateral, ovoid or 
pear-shaped, rarely ellipsoidal, toeven almostcircular, butis morecommonly inequilateral. 
The inequilateral shape can be due to three growth factors: (1) widening of all the posterior 
half or only of the MPQ, with curving of the ribs towards the posterior margin; (2) 
truncation of the posterior part of the shell at a variable angle with the dorso-ventral axis. 
When this truncation affects mainly the MPQ, the PQ looks like a wing, sometimes 
accentuated by the presence of a depressed radial area on the limit between the PQ and the 
MPQ; (3) constriction of the anterior part. The combination of both posterior and anterior 
straightenings can give the shell a “subrectangular” appearance, with the ribs more or less 
“diagonally” disposed. 

The elongation of the adult shell is very variable within a population, but mainly between 
populations. The ratio L/H ranges from 0.70 (shell very elongated) to 0.91 (shell almost 
circular). 

Colour: The periostracum is thin and light brown. When it is removed, the exterior of 
the shell is of variable colour: white, yellowish, pink, brown, with spotted or concentrical 
darker zones. The MPQ is often darker. These colours are generally rather lusterless. The 
interior varies also from white to orange (mainly in the umbonal area). The margins, 
particularly the posterior one, are often yellow to purple. 

Other external features: Umbones weakly prosogyrate; pseudo-lunular area rather 
narrow with thin scaled riblets near the umbos, disappearing towards the anterior margin 
of the shell; ligament strong and short. 

Hinge characters: Hinge line moderately arched and symmetric. The juvenile shells are 
less arched and more symmetric. Posterior cardinal tooth (4b) in the left valve medium 
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sized (length about half of the width of the hinge), rather high and bulky. The foundation 
of the anterior lateral teeth is very weakly curved, (not "hooked"). 


Sculptural characters: 


a)-Rib number: The general mean number is 37 (range 32-44). This mean number varies 
according to areas and populations. For example in New Caledonia it is about 36 (range 
32-39), whereas in Western Australia it is about 40 (range 35-44). 


b)- Structure of the ribs and interstices and nature of their ornaments: 

i)- Juvenile stage of growth: PQ: 5 to 8 ribs, high, round-topped and square-sided, 
bearing, on their posterior half, regularly set and slightly curved scales (distance about 1 
to 2 mm between each scale), making a 45° angle with the axis of therib. The anterior edge 
is strongly serrated by thinner scales, the first ribs of the zone being also finely serrated on 
their posterior edge, between the main scales. The scales and the border serrations project 
over the interstices which are deep and almost as wide as the ribs. Other parts of the shell: 
With the exception of a very small umbonal area, the medial and anterior parts of the shell 
are ornamented with very high ribs, with parallel “vertical” flanks, both with their upper 
edges crenulated with relatively sturdy regularly set rugae. These rugae join more or less 
across the top of the ribs, from one side to the other, forming transverse folds more or less 
depressed in the axis of the ribs. On the borders of the ribs, these structures overhang the 
flanks and the interstices, which are slightly narrower than the ribs. The “vertical” lower 
part of the flanks and the “horizontal” bottom of the interstices are generally smooth and 
never noticeably notched nor striated. The above features of the juvenile part are constant 
and common to all the shells, until the shell reaches several cm in height. Then the features 
change, and this evolution can be small or large leading to very different structures, 
according to several processes : 


ii)- Adult stage of growth with small evolution from the juvenile stage: PEDOMORPHIC 
forms: (see pl. 1, fig. 2). PQ: The ribs and the interstices remain approximately the same, 
and keep the main scales on their posterior half. These scales remain up to the ventral 
margin, becoming more and more parallel to the ribs, and more and more located on the 
posterior border of the ribs. The serrations of the anterior edge of the ribs disappear 
progressively. Other parts of the shell: The evolution from the older Stage is less important: 
the ribs remain high and Square-sided, regularly transversally ridged on the top, with 
serrated upper edges. Then the top of the ribs becomes flat and smooth, except on the AQ, 
where the transverse ridges still remain with an imbricated structure. The interstices are 
still large. The lastribs of the MPQ often become asymmetric, bending forward, with their 
posterior flank wider and exceptionally somewhat striated. 


ili)- Adult stage of growth with important evolution from the juvenile stage: 
ALLOMORPHIC forms: (see pl. 1, fig. 3 and 4). PQ: A significant evolution leads to the 
progressive modification of theribs. This modification always starts with the disappearance 
of the border scales and serrations; after that the ribs lose their sharp edges and their relief 
is reduced. The ribs then become flatly rounded and even entirely rounded, all the zone 
becoming practically smooth oreven withthe previous interstices retaining in relief, Three 
sorts of development can occur: 1. The posterior main scales of the ribs disappear. After 
that, the posterior “vertical” flank of the ribs is progressively reduced, disappears and is 
replaced by a scar line. Finally, the anterior flank of the ribs disappears also and the ribs 
become flatly rounded or even entirely rounded, sometimes depressed in their axis and 
often almost indistinct. 2. When the anterior flank of the ribs has been reduced, the anterior 
part of the flattened ribs subsides progressively along a longitudinal, more or less distinct 
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gash, and gets down to the level of the remaining interstices. The consequence is that the 
intersticial zones widen out at the expense of the ribs. These latter zones are often of a 
different colour (white, pink, purple etc.) from the colour of the residues of theribs (darker, 
brown etc.). This “bicolouring” is, I think, very species-specific. The “pseudo-intersticial” 
zone often remains depressed and flat (flat-bicolouring, see pl. 1, fig 3). 3. In that case, the 
interstices become decidedly lighter in colour, but do not widen. Their bottom cambers, 
forming like a riblet between the residual main ribs. Sometimes too, the residual main ribs 
still lower and practically disappear, the above “‘riblets” then becoming the only prominent 
zones and so forming “new ribs” instead of the previous interstices (ribbed-bicolouring, 
see pl. 1, fig. 4). Other parts of the shell : In the anterior half of the shell, the ribs tend to 
be flatter, wider and the interstices narrower. In the MPQ the ribs become lower and tend 
to lose their sharp edges and marginal serrations. Their profile is extremely variable: flatly 
rounded, triangular, entirely rounded, entirely flat and even depressed, with an onward 
slope or not, etc. The interstices vary also strongly from largely open to reduced to “deep 
narrow cuts" (Reeve 1844: Sp 46). 


Summarized comparison between pedomorphic and allomorphic structures: 


Pedomorphic Allomorphic 
PQ- 1- Ribs high, square-sided. 1- Ribs low and flatly rounded, 
even with no relief. 

2- Large scales on posterior 2- No scales, ribs smooth. 

half of top of ribs. 

3- Interstices deep, large. 3- Interstices shallow or even prominent, 
widening or not, often lighter 
coloured (bicolouring). 

MPQ- 1- Ribs high, flat-topped, 1- Ribs low, flatly-rounded or 
square-sided. flat, rounded or triangular. 

2- Edges of top of ribs 2- Edges of top of ribs rounded 

sharp, finely crenulated. and smooth (no crenulations). 

3- Interstices deep and 3- Interstices shallow and 

large (1/2 of ribs width). generally narrow. 


Overlapping of the interstices in the MPQ margin: 


Generally, in the different species belonging to the genus Acrosterigma, when the shell 
is closed, the extremities of the interstices on the ventral margin are on a level with the 
extremities of the ribs, or even are placed a little below. This is not the case in many 
specimens of A. elongatum, where the bottoms of the interstices, in the MPQ margin, are 
much longer than the ribs and overlap above the ribs extremities. Sowerby, who describes 
this phenomenon for the first time (1840b: 108: “ribs terminating in very strong 
overwrapping teeth”), considers it as a main characteristic of a new species, Cardium 
enode, different from C. elongatum. This opinion was adopted by some authors, in 
particular by Wilson & Stevenson (1977: 80). 

The observations I have made do not allow me to follow such opinions. On the contrary 
I observed that: a)- The phenomenon is not constant: in a same population it is variable 
from one specimen to another and can be absent. b)- I have observed it, more or less 
abundantly, in all groups of A. elongatum (which will be described below), including the 
typical forms of Western Australia, except the Japanese forms. 
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Tuberculated forms of Acrosterigma elongatum: 


In certain populations, among normal specimens with the ribs of the MPQ smooth on 
the top, some specimens may occur with tubercles on the top of the ribs of this quarter. These 
tubercles, more or less conical and regularly set, are homologous to the main scales of the 
adjacent PQ. They are generally visible to the naked eye. The scales of the PQ, situated on 
the posterior part of the ribs, progressively migrate to the central part and become tubercles 
in the anterior part of the the PQ and in the MPQ. This phenomenon extends on the last 
ribs of the MPQ, or on the whole quarter (i.e. 6-7 ribs of the MPQ involved), and possibly 
on several ribs of the anterior part of the PQ where the tubercles replace the scales. Itis very 
variable in extension but always limited to intermediate growth stages (end of juvenile and 
more or less part of adult). These very characteristic tuberculated specimens are rare. As 
a coincidence, the lectotype of C. elongatum Bruguière is one of them. In addition, I was 
able to observe only a few specimens in nine populations from Zanzibar (see pl. 1, fig.7), 
Madagascar, Timor Sea, Japan (see pl. 2, fig. 5a-b), Philippines, Moluccas, Papua New 
Guinea, Vanuatu (see pl. 1, fig. 8), and New Caledonia. 


Distinction between A. elongatum and the other species of the genus Acrosterigma: 


All forms of A. elongatumare easily distinguishable from other species of this genus and 
misidentifications have been rare. A. elongatum principally differs from the congeneric 
species by the combination of the following characters: 1)- In the earliest formed part of 
the shell, the ribs are always high, square-sided and strongly ornamented. 2)- The tops of 
the ribs of the MPQ and posterior part of the MAQ in the adult forms are always smooth 
(except in the “tuberculated” forms). 3)- Interstices and flanks of the ribs are never 
appreciably striated or notched. 4)- The mean rib number is about 37. 5)- The basement 
of the anterior lateral teeth is very slightly curved, never “hooked”. 6)- The interstices and 
ribs of the PQ can have different colour patterns (“‘bicolouring” phenomena). 7)- The 
overwrapping of the MPQ margin is rare in the other species. 





Map 1: Distribution of Acrosterigma elongatum and its six subspecies: 1. Subspecies elongatum. 2. 
Subspecies wilsoni.3. Subspecies enode. 4. Subspecies cipangense. 5. Subspecies indioceanum. 
6. Subspecies coralense. 
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Subspecies of Acrosterigma elongatum: 


As stated above, the different forms of A. elongatum in the adult shells are the result of 
different combinations of two varying groups of characteristics: shape and rib structure. 
From one given combination to another, the shell can look very different. All the 
theoretically possible combinations are not realized and all the existing forms are not 
present everywhere. In each region one can observe a single predominant type of 
combination, co-occurring with other types and intermediates. These predominant types 
of combinations can be arranged in six main groups which correspond to six geographic 
regions. In each of these regions the shells, in general, have certain common characters 
of shape and rib structure, criteria which have been utilized to separate the 6 different 
groups. In addition the shells can have some other common characters like colour and 
number of ribs. 

I refer now to Mayr et al., (1953): "Species that consist of two or more subspecies are 
called polytypic species” (p. 26). “Subspecies are geographically defined aggregates of 
local populations which differ taxonomically from other such subdivision of a species” 
(p.30). “What is taxonomically different can be determined only by agreement among 
taxonomists. The difference must be sufficiently great so that it is possible to identify the 
greatmajority of specimens without knowledge of their provenience. For this purpose many 
taxonomists adhere to the 75 per cent rule" (p.31). According to these definitions, it seems 
to me that the above six regions correspond with six subspecies. The rare specimens of these 
groups which are found in non-corresponding regions and some uncommon specimens 
which do not fit any of the six groups, are considered as "individual variants". These 
proposed subspecies are defined as follows (see Map 1): 


Acrosterigma elongatum elongatum (Bruguière, 1789). 
РІ. 1, fig. la-b, fig. 3 and fig. 7. 


Taxonomic characters: Elongated to moderately elongated (L/H range 0.74-0.81), 
slightly truncated or not, elliptic or more or less pear-shaped (expansion of the MPQ with 
curvature of the ribs backwards). Appreciably allomorphic in the MPQ with lowering of 
the ribs, rounding of their sides and reduction of the interstices, and with a significant “flat- 
bicolouring" in the PQ. 

Other characters: Mean number of ribs 38.8 (range 36-42). External colours generally 
rather darker than in the adjacent regions: yellow, brown, reddish. The MPQ is generally 
darker still. Internal colours white or pale yellow with almost always purple coloured 
margins, mainly the posterior side. 

Range: Philippines and Moluccas. 


Acrosterigma elongatum wilsoni (V. & O., 1991) 
Pl. 2, fig. 1a-b and fig. 2. 


Taxonomic characters: Very elongated (L/H range 0.72-0.74), strongly truncated 
posteriorly and slightly crushed anteriorly ("subrectangular"). Limit between the PQ and 
the MPQ more or less depressed and the PQ somewhat “winged”. This depression 
corresponds with an important ridge inside the shell. Rib structure pedomorphic. 

Other characters: Mean number of ribs 39.6 (range 35-44). External colour relatively 
darker than in the west Indian Ocean province, internal colour comparable. 

Typical specimens in collections: a)- A specimen from Western Australia 68.5 x 49.0 
x 37.5 (L/H=0.72), orange yellow and pink, with strong “overlapping” in the MPQ margin 
(Vidal coll., MNHN). b)- A “record” specimen from Exmouth Bay, Western Australia: 
108.4 x 79.0 x 60.8 (L/H= 0.73), (NNM). 
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Plate 1. Fig. 1a-b. Lectotype here selected of Cardium elongatum Bruguière, right valve, Bruguière’s 
specimen from unknown locality, L = 70.0 mm (Lamarck coll., MHNG 1085-54). Fig. 2. A 
specimen intermediate between subsp. wilsoni and indioceanum, right valve, from Cape York, 
Australia, L = 59.0 mm (WAM 4774-68). Fig. 3. A specimen of subsp. elongatum, left valve, 
from unknown locality, (Jousseaume Coll., MNHN). Fig. 4. A right valve of subspecies enode 
from Port-Vila, Vanuatu, L = 107.3 mm (Vidal coll., MNHN). Fig. 5. A left valve of subsp. 
coralense, with only 25 ribs, from Noumea, New Caledonia, L=41.1 mm (Vidal coll., MNHN). 
Fig. 6. A left valve of subsp. coralense, with only 29 ribs, from Noumea, New Caledonia, L = 
47.0 mm (Vidal coll., MNHN). Fig. 7. An individual variant close to subsp. elongatum, 
tuberculated form, right valve, from Zanzibar, L = 72.4 mm (Rousseau coll., MNHN). Fig. 8. 
A specimen of subsp. enode, tuberculated form, right valve, from Port Vila, Vanuatu, L = 60.0 
mm (Vidal coll., MNHN). 
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Range: North West Cape, Western Australia, Gulf of Carpentaria to Torres Strait, North 
Queensland. 


Acrosterigma elongatum enode (Sowerby, 1840). 
Pl. 1, fig. 4 and fig. 8; pl. 3, fig. 6a-b, and fig. 7a-b. 

Taxonomic characters: Moderately elongated to almost circular (L/H range 0.79-0.91); 
rarely posteriorly truncated; the MPQ often more or less inflated. Strongly allomorphic 
with significant “ribbed bicolouring” in the PQ; in the MPQ ribs flat, with rounded top 
edges, almost touching (very narrow interstices). 

Other characters: Mean rib number 37.5 (range 35-40). No special colour characters. 
The forms of this group are generally large (the largest of all the subspecies), heavy and 
with a wide hinge zone and large teeth. 

Type: As there is no type of the species, I select as neotype of C. enode, a specimen from 
Port-Vila (Vanuatu), deposited in the MNHN (PI. 3, fig. 7a-b): L/H = 0.88, 38 ribs. 

Typical specimens in collections: a)- As T. elongatum a “record” specimen 139.3 mm 
high, from Port-Vila (Vanuatu), (BM(NH)). b)- From Wallis Is a specimen 129 mm high 
(Hombron & Jacquinot coll. 1841, MNHN). 

Range: Caroline, Marshall, Wallis, Tonga, Fiji, Vanuatu, Santa-Cruz, Solomon and 
East coast of New Guinea. No records of the species from Mariana nor from Eastern central 
Pacific: Hawaii, Polynesia. 


Acrosterigma elongatum cipangense subsp. nov. 
Pl. 2, fig. 5a-b. 


Taxonomic characters: Moderately to not elongated (L/H range 0.77-0.85), not or 
slightly posteriorly truncated. Quasi-perfectly pedomorphic. Ribs very high and interstices 
wide (sometimes as wide as ribs or more). 

Other characters: Mean number of ribs 39.0 (range 37-41). External colour generally 
uniform and light, beige to pale yellow. Internal colour white. 

Types: Holotype: Pl. 2, fig. 5a-b, a specimen from Tosa, Japan (Hirase coll., USNM 
346125). Paratype No 1: a specimen from Tosa, Japan, deposited in the MNHN (Staadt 
collection, 1969), Н = 90.0, L = 71.7, W = 60.5, (L/H = 0.80) with 38-39 ribs. 

Remark: A. okinawaense, because its rib structure, looks different from this subspecies. 

Typical specimen in collections: a)- A specimen from Japan labelled as T. enode 
(Huffman coll., LACM No 13491). 

Range: Japan, Northern limit: Boso Peninsula, near Tokyo. 


Acrosterigma elongatum indioceanum subsp. nov. 
Pl. 2, fig. 3a-b; pl. 3, fig. 1 and fig. 2a-b. 

Taxonomic characters: Moderately elongated (L/H range 0.78-0.83); elliptical and 
equilateral to rather inequilateral with dilatation of the posterior half; not or more or less 
posteriorly truncated. Pedomorphic to slightly allomorphic in the PQ (often a slight 
*bicolouring" develops in the anterior part of the ribs, since the posterior part keeps the 
pedomorphic scales); in the MPQ the height of the ribs is reduced but they generally keep 
their sharp and finely crenulated top-edges, mainly on the posterior side; the interstices 
remain relatively wide. 

Other characters: Mean number of ribs 36.6 (range 32-42). External colours light: 
white, beige, yellow, pink, rarely orange, sometimes with more coloured splashes purple 
orbrown. Internal colour often entirely white, with sometimes umbonal cavity yellow, and 
rarely a coloured posterior margin. 
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Type: Holotype: a specimen from Mombassa, Kenya, deposited in the MNHN (Pl. 2, fig. 
3a-b): Н = 73.1, = 57.4, L/H = 0.79, with 35 ribs. 

Range: Indian Ocean: East coast of Africa from Mozambique to Kenya and Zanzibar, 
Islands of the Indian Ocean (Madagascar, Réunion and Mauritius, Seychelles, Chagos, 
Maldives, and according to Tidaker et al. (1986: 176) Andaman and Nicobar), Sri Lanka, 
north-east Sumatra and one sample from the east coast of Malaysia. Not recorded in the 
Northern Bay of Bengal, in Somalia, Gulf of Aden, Red Sea and Persian Gulf. The absence 
of records in these tropical waters may seem strange. Nevertheless, the excellent figures 
8 and 9, pl. 13, of Savigny, 1812, of a shell from the Egyptian Red Sea, looks very much 
like a form of this subspecies. 


Acrosterigma elongatum coralense subsp. nov. 
Pl. 1, fig. 5 and 6; pl. 3, fig 3. 


Taxonomic characters: Rather elongated (L/H range 0.77-0.81), well allomorphic in 
the MPQ, but the allomorphism remains at first stage in the PQ (rib structure change but 
no “bicolouring”); the result is that the PQ and the MPQ have a similar rib structure. 

Other characters: Mean number of ribs 36.0 (range 32-39, with two exceptions of 25 
and 29). External colour rather uniform and light, generally pink, sometimes yellow or 
white. 

Type: Holotype: a left valve from Noumea, New Caledonia, deposited in the MNHN (РІ. 
3, fig 3): Н = 75.0, L = 57.7, L/H = 0.77, with 35 ribs. 

Typical specimen in collections: A specimen from Queensland (WAM 160-88). 

Range: New Caledonia and North Eastern Australia from North Queensland to Keppel 
Bay (Queensland). 


Individual variants: 

They are isolated specimens which do not belong to the subspecies of the area where they 
are. They can be classified into three categories: 

1)- Specimens belonging to another known subspecies. Example (1): A specimen of the 
subsp. elongatum found in Zanzibar (pl. 1, fig 7). Example (2): A specimen of the subsp. 
wilsoni found in New Caledonia, 81.8 x 62.2 x 48.0, (Hargraves Coll., AMS C.47774). 

2)- Specimens with intermediate characters between two known subspecies. Example 
(1): A specimen intermediate between wilsoni and indioceanum found in Cape York, 
Queensland (pl. 1, fig. 2 and pl. 2, fig. 4). Example (2): A specimen with general feature 
of wilsoni and sculpture of coralense, Smith Point, N. T., Australia, (AMS C.101959). 

3)- Specimens with unusual characters or unusual combination of characters. Example 
(1): Specimens very elongated, strongly “subrectangular”, with a mean allomorphism in 
the posterior half (no bicolouring). Several isolated specimens found in the coralense area: 
(1a): A specimen from New Caledonia (pl.2, fig. 6a-b). (1b)- A specimen from Whitsunday 
Passage, Queensland (Jackson coll., AMS C.84353). Example (2): A specimen with all the 
ribs of the posterior half entirely rounded, with semi-circular profile, and “open” V-shaped 
interstices (a very unusual rib structure for this species), from Noumea, New Caledonia (pl. 
3, fig. 4). Examples (3): Some specimens, elongated, slightly subrectangular, allomorphic 
with bicolouring in the PQ, but still pedomorphic in the MPQ. In the whole shell the 
interstices are wide and of a decidedly lighter colour than the ribs. (3a): A specimen from 
Santa Rosa, Cebu Is, Philippines (pl.3, fig. 5a-b). (3b): Two specimens from Siasi Reefs, 
Sulu Sea, Philippines, forming probably a local mini-population (Vidal coll., MNHN). 
(3c)- The specimen from Ticao, Philippines, figured by Sowerby as C. elongatum (1840a, 
fig. 49), not traced, could belong to these forms. Example (4)- Considered as individual 
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Plate 2. 





Fig 1a-b. A specimen of subsp. wilsoni from Broome, Western Australia, holotype of 
Trachycardium wilsoni Voskuil & Onvervagt, L = 51.0 mm (МММ 56583). Fig. 2. A left valve 
of subsp. elongatum with a beginning of allomorphism, from Karratha, Western Australia, L 
= 56.1 mm (Vidal coll., MNHN). Fig. 3a-b: Selected holotype of the subspecies indioceanum, 
a specimen from Mombassa, Kenya, L = 57.4 mm (Poppe coll., MNHN). Fig. 4. A specimen 
intermediate between subsp. wilsoni and indioceanum, left valve, from Cape York, Australia, 
L = 59.0 mm (WAM 4774-68). Fig. 5a-b. Selected holotype of subsp. cipangense, from Tosa, 
Japan, L = 81.5 mm (USNM 346125). Fig. 6a-b. An individual variant, right valve, from New 
Caledonia, L = 66.0 mm (Staadt coll. 1969, MNHN). 
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Plate 3. Fig.1. А specimen of subsp. indioceanum, left valve, from unknown locality, L= 56.4 mm (Soc. 


d'Oceanogr. coll., MNHN). Fig. 2a-b. A right valve of subsp. indioceanum from Singapore, L 
= 70.0 mm (Staadt coll. 1969, MNHN). Fig. 3. Selected holotype of the subspecies coralense, 
a left valve from Noumea, New Caledonia, L = 57.7 mm (Vidal coll., MNHN). Fig. 4. An 
individual variant, left valve, from Noumea, New Caledonia, L=59.4 mm (Vidalcoll., MNHN). 
Fig. 5a-b. Anindividual variant, right valve, from Cebul., Philippines, L 269.5 mm (Vidalcoll., 
MNHN). Fig. 6a-b. A specimen of subsp. enode, right valve, from Vanikoro, Santa Cruz Is. 
(AMS C.52173), cited by Iredale (1927: 75), L = 110.4 mm. Fig. 7a-b. A specimen of subsp. 


enode, selected neotype of C. enode, right valve, from Port- Vila, Vanuatu, L = 92.6 mm (Vidal 
coll., MNHN). 
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variants as far as rib number is concerned, two specimens of the subspecies coralense, from 
Noumea area, New Caledonia (pl. 1, fig. 5-6), with respectively 25 and 29 ribs. 
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Shell variation in Australian Notopala (Gastropoda: 
Prosobranchia: Viviparidae) 


F. Sheldon and K.F. Walker 


River Murray Laboratory, Department of Zoology, University of Adelaide, South 
Australia 5005 


ABSTRACT 


The viviparid snail Notopala is distributed throughout the rivers and other 
waterbodies of the northern tropical regions of Australia, extending south into the 
Lake Eyre and Murray-Darling Basins. Despite a recentexamination of the Western 
Australian viviparids the taxonomy of a number of species, especially those from 
the Lake Eyre and Murray-Darling Basins, is unclear. Principal Components 
Analysis was used on seven shell measurements to determine which morphometric 
characters best delineate the species. Umbilicus width and aperture lip length 
explained most of the variation. The results suggest that there are four species of 
Notopalain Australia: N. waterhousii and №. essingtonensis in the north and north- 
west, N. sublineata in the Lake Eyre and Murray-Darling Basins and N. hanleyi in 
the Murray-Darling Basin. With the apparentextinction of both species of Notopala 
in the natural environment of the Murray-Darling Basin, the population of N. 
hanleyi surviving in a Murray irrigation pipeline and the population of N. 
sublineata in the Lake Eyre Basin have significant conservation value. 


INTRODUCTION 


The Viviparidae is a family of medium to large prosobranch snails that commonly occur 
in freshwater lotic and lentic systems throughout the world (Browne, 1978). They are 
viviparous, as their name suggests. The family in Australia is represented by Notopala, 
Centropala, and Larina (Smith, 1992). Notopala Cotton, 1935 contains at least four 
species in the north of the continent, extending south-east into the Lake Eyre and Murray- 
Darling Basins (McMichael, 1967). Centropala Cotton, 1935 is represented by C. lirata 
(Tate, 1887), found only in the Lake Eyre Basin (Smith, 1992). The sole species of Larina, 
L. strangei A. Adams, 1854, is restricted to coastal north-east Queensland (Smith, 1992). 

Cotton (19352) erected the genus Notopala, with Notopala hanleyi Frauenfeld, 1864 as 
the type, for those Australian viviparids exhibiting a distinctive fine spiral microsculpture 
of the shell. Sculpturing, however, is not restricted to Australian taxa, which have many 
anatomic and morphological similarities to certain south-east Asian genera (Stoddart, 
1982). This suggests a need for a generic revision of the Australian viviparids. 

The taxonomy of Notopalais confounded by several ill-justified synonymies (cf. Iredale, 
1943; Smith, 1978; Smith & Kershaw, 1979). The diagnostic criteria are essentially 
morphometric (cf. Cotton, 1935b, Stoddart, 1982), and there is a need for a more detailed 
assessment based on both morphological and molecular characters. This paper attempts 
to clarify the status of Notopala in central and southern Australia by using multivariate 
analysis of morphological data to better delineate taxa. 
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Figurel. А. Rivers from which Notopala species used in this study were collected. B. Geographical 
distribution of Notopala species in Australia; “а”, N. waterhousii and М. essingtonensis; “b”, 
N. sublineata; “с”, N. sublineata and N. hanleyi. 
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Table 1. Australian species of Notopala according to Cotton (1935). 








Species Location 

N. hanleyi (Frauenfeld 1864) River Murray, SA 

N. sublineata (Conrad 1850) Darling River, NSW 

N. barretti Cotton 1935 Cooper Creek, SA 

N. gatliffi Cotton 1935 Balonne River, Q 

N. alisoni (Brazier 1979) Diamantina River, Q 

N. waterhousii (A. Adams and Angas 1864) North and Central Australia 

N. kingi (A. Adams and Angas 1864) Central and Lower North Australia 
N. essingtonensis (Frauenfeld 1862) Northern Australia 

N. tricinta (Smith 1882) Northern Australia 

N. australis (Reeve 1863) Northern Australia 

N. affinis (von Martens 1865) North-west Australia 

N. dimidiata (Smith 1882) Victoria River, Northern Australia 





TAXONOMY 


Cotton (1935b) proposed that Notopala contained 12 species in Australia (Table 1), five 
from central and southern regions and seven from the north and north-west. Iredale (1943) 
suggested that N. gatliffi was synonymous with N. sublineata, and that both N. australis 
and N. affinis were synonymous with N. essingtonensis. Stoddart (1982) recognised only 
two species from northern Australia, namely N. essingtonensis and №. waterhousii. Current 
synonymies (Smith, 1992) are shown in Table 2, and broad geographic distributions of taxa 
are illustrated in Figure 1. 

Apart from the early work of Cotton (1935a; 1935b), little is known of central and 
southern Australian Notopala. Smith (1978) listed Vivipara (Notopala) hanleyi from the 
Murray-Darling Basin, but with no rationale for the generic reassignment. Smith and 
Kershaw (1979) listed only Vivipara (Notopala) sublineata from the Murray-Darling 
Basin. Smith (1992) listed both N. hanleyi and N. sublineata from the Murray-Darling 
Basin, but gave no indication as to which, if either, occurs in the Lake Eyre Basin. The status 
of N. barretti, described by Cotton (1935b) from the Lake Eyre Basin, is uncertain (Smith, 


1992). 


Table2. Synonomies for Notopala species according to Smith (1992) 





N. hanleyi (Frauenfeld 1864) 


N. sublineata (Conrad 1850) 


N. waterhousii (A. Adams and Angas 1864) 


N. essingtonensis (Frauenfeld 1862) 


N. barretti Cotton 1935 


Paludina intermedia Reeve 1863 
Paludina hanleyi Frauenfeld 1864 
Paludina (Vivipara) purpurea von Martens 1865 


Paludina sublineata Conrad 1850 
Paludina polita von Martens 1865 
Notopala gatliffi Cotton 1935 


Vivipara waterhousii A. Adams and Angas 1864 
Vivipara kingi A. Adams and Angas 1864 
Vivipara alisoni Brazier 1879 


Vivipara essingtonensis Frauenfeld 1862 
Paludina ampullaroides Reeve 1863 
Paludina australis Reeve 1863 

Paludina affinis von Martens 1865 
Vivipara dimidiata Smith 1882 

Vivipara tricinta Smith 1882 


Incertae sedis 
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Figure 2. ShellofN. waterhousii from the Lake Woods population (C119833). Shell of N. essingtonensis 
from the Fogg Dam population (C76420). Shell of N. alisoni from the Alligator Creek, Q, 
population (C172746). Shell of Notopala sp. “banded form” from the Moonie River, NSW, 
population (C1 10257). Shell of N. sublineata from the Lake Goolangirie population (C172040). 
Shell of N. hanleyi from the Kingston Irrigation Pipeline population (C172039). 


Shells of Australian Notopala are typical of the family, with convex whorls (sometimes 
angulate below the periphery) and an aperture length approximately half the shell len gth 
(Stoddart, 1982). Historically, taxonomic characters have included shell sculpturing, shell 
colouration and the presence or absence of distinct colour bands. Colour band development 
is known to vary within species, however, and spiral shell sculpturing is a distinctive 
characteristic of the genus (Cotton, 1935a). The existence of similar sculpturing in some 


south-east Asian genera (cf. Stoddart, 1982) suggests that generic relationships may need 
revision. 


Australian Notopala a 


Notopala hanleyi was described (Cotton, 1935b) as having a solid, globose shell with a 
dark green to brown periostracum, and N. sublineata was described as green with coarse 
spiral sculpturing, with faint narrow colour bands in some specimens (Cotton, 1935b) 
(Figure 2). In N. waterhousii the periostracum varies from greenish brown to pale straw- 
coloured and colour banding, if present, is faint (Cotton, 1935b); the shell also shows 
extreme development of the umbilicus (Stoddart, 1982). Notopala waterhousii is the 
largest species in the genus, attaining 5cm in length (Cotton, 1935b) (Figure 2). In N. 
essingtonensis the shell is rarely umbilicate but has a dark-green to yellow-brown 
periostracum (Stoddart, 1982); the shell is also distinguished by three pronounced dark 
green spiral bands (Cotton, 1935b; Stoddart, 1982) (Figure 2). 


Table 3. Localities of sample populations, collection dates and catalogue references from the Australian 
Museum, Sydney. The taxa are denoted S, N. sublineata; H, N. hanleyi; A, N. alisoni; E, 
N. essingtonensis; W, М. waterhousii ; B, banded shells from the Murray-Darling Basin above 








Bourke, NSW. 

Pop Locality Catalogue Collection No. Shells Taxon 
1 River Murray, V C110243 1910 3 S 
2 River Murray, SA C172698 1910 1 S 
3 River Murray Swamps, V C2247 2 H 
4 Darling River, NSW C110228 c. 1910 3 H 
5 South Australia c. 1910 1 S 
6 Darling River, Bourke NSW C98388 1974 6 H 
7 Condamine River, Cecil Plains, Q C110259 1950 5 H 
8 Darling River, Wilcannia, NSW C172697 1952 1 S 
9 Darling River, Bourke, NSW C172699 1910 3 S 
10 Macquarie River, Buckingay, NSW C3462 4 S 
11 Murrumbidgee River, NSW C172700 c. 1910 6 S 
12 Bogan River, NSW C172696 c. 1910 2 S 
13 Namoi River, NSW C101257 1975 1 H 
14 River Murray, Renmark, SA C172695 1963 3 H 
15 River Murray, SA C30878 2 H 
16 Boomi Creek, Bogan River, NSW C2499 3 S 
17 Bourke (water pipes) NSW C110235 1957 4 S 
18 Cooper Creek, SA C110261 6 S 
19 Cooper Creek, SA C6538 3 S 
20 Cooper Creek, Innamincka, SA C110524 1975 6 S 
21 Barcoo River, Emmett Downs, Q C110232 1910 3 A 
22 Bulloo River, Narrierra, Q C11240 1944 6 A 
23 Flinders River, Hughenden Q C110165 1978 4 A 
24 Thompson River, Longreach, Q C48733 1921 4 A 
25 Thompson River, Aramac, Q C56507 1930 3 A 
26 Manton River, NT C110493 5 E 
21 Fogg Dam, Humpty Doo, NT C76408 5 E 
28 Roper River, NT C51072 5 E 
29 Ross River, NT C92127 5 E 
30 Lake Woods, Newcastle Waters, NT С119833 10 W 
31 Australia 3 B 
32 Moonie River, О C110257 5 B 
33 Darling River, Bourke, NSW C110251 4 B 
34 Moonie River, Q C33012 3 B 
35 Kingston Irrigation Pipeline, SA C172039 1992 20 H 
36 Lake Goolangirie, SA C172040 1991 20 S 


64 F. Sheldon and K.F. Walker 


METHODS 


Seven shell characteristics were chosen for measurement (Figure 3): shell length (SHL), 
shell width (SHW), aperture length (APL), aperture width (APW), spire length (SPL), 
umbilicus width (UMB) and aperture lip length (ALL). Measurements were made to the 
nearest 0.05mm using dial calipers. 

A total of 170 shells from 36 locations (Table 3) was measured. Twenty specimens were 
obtained from Lake Goolangirie, on the north-west branch of Cooper Creek, South 
Australia, in December 1991 and20 from an irrigation pipeline at Kingston, River Murray, 
South Australia, in July 1992. An additional 130 specimens were measured from 
collections held in the Australian Museum, Sydney. 

Based on descriptions by Cotton (1935b) and Stoddart (1982) and listings by Smith 
(1992), shells were assigned to N. waterhousii, N. alisoni,N. essingtonensis, N. sublineata 
or N. hanleyi. Although Stoddart (1982) suggested that N. alisoni is synonymous with N. 
waterhousii, shells labelled asN. alisoniinthe Australian Museum werereadily distinguished 
from N. waterhousii by a much reduced umbilicus, and therefore were kept separate. Due 
to the uncertain status of N. barretti and its close resemblance to N. sublineata, shells from 
Cooper Creek were assigned to the latter species but kept separate from Murray-Darling 
Basin populations. In the museum collection were some unlabelled shells from Moonie 
River in the upper region of the Murray-Darling Basin and one population from Bourke 
on the Darling River, NSW (AMC References: C110257, C110251,C33012). These shells 
had distinctive colour bands like N. essingtonensis, but were much lighter, being pale- 
green to straw coloured (Figure 2). They did not fit the descriptions of either N. sublineata 
or N. hanleyi, and were included in the analysis as “unknowns”. 
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Figure3. Shell characters. 
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Figure 4. Relationship of shell length to shell length/aperture length for Australian Notopala. Species are 
denoted ‘s’ for N. sublineata, ‘h’ for N. hanleyi, ‘a’ for N. alisoni, ‘e’ for М. essingtonensis, ‘w’ 
for N. waterhousii and *b' for the banded shells from the upper Murray-Darling Basin. 


All statistical computations employed the statistical package SYSTAT v5.0 (Wilkinson, 
1990). 


RESULTS AND DISCUSSION 


Shell Variation in Australian Notopala 


Stoddart (1982) showed that the ratio of shell length/aperture length to shell length 
increased less with increasing shell length in N. essingtonensis than in N. waterhousii. For 
data from this study (Figure 4), the ratio increases less with increasing shell length in N. 
waterhousii than in all other Notopala, including N. essingtonensis. This is contrary to 
Stoddart’s (1982) finding, and may indicate significant morphometric differences among 
populations of N. waterhousii. Specimens of N. waterhousii measured by Stoddart (1982) 
had shell lengths of less than 3cm, whereas in this study specimens were distinctly different 
from all other Notopala examined, being larger and having a well-developed umbilicus 
(Table 4.). The relationship of shell length/aperture length to shell length may therefore 
not be linear for N. waterhousii. 

Visual examination of the different Notopala suggests that neither shell length nor 
aperture length are key characters in differentiating species. Principal Components 
Analysis (PCA) was employed (using Pearson correlation coefficient with VARIMAX 
rotation) to isolate the characters that account for most variation between species. Shells 
were ordinated using all seven measurements. 
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Table4. Measured shell characters foreach Notopalaspecies. See Figure3 for explanation of characters. 








Characters SHL APL SHW UMB APW SPL ALL 
Species n 
N. alisoni 20 2.159 1.191 1.63 0.259 0.977 1.478 0.535 


0.086 0.039 0.054 0.014 0.034 0.064 0.015 


2.17 1.2 1.658 0.196 1.01 1.447 0.611 
0.082 0.038 0.067 0.016 0.038 0.067 0.025 


N. essingtonensis 20 


N. waterhousii 10 3.859 2.284 3.314 0.463 1.888 2.501 1.002 

0.209 0.105 0.164 0.024 0.087 0.131 0.043 
М. hanleyi 42 1.667 1.05 1.383 0.129 0.852 11 0.557 
М. sublineata 28 1.832 1.084 1.453 0.205 0.921 1.204 0.524 
(Darling) 0.063 0.024 0.04 0.012 0.026 0.039 0.016 
N. sublineata 35 1.946 1.106 1.552 0.221 0.889 1.259 0.493 
(Cooper) 0.058 0.027 0.039 0.01 0.018 0.04 0.009 


“Banded” Shells 15 2:21 52 1:319 1L" T 0.206 1.069 1.46 0.642 


x 

SE 

x 

+SE 

x 

+5Е 

x 

+SE 0.052 0.026 0.036 0.01 0.025 0037 0.013 
x 

SE 

x 

SE 

x 

+SE 0.110 0.053 0.08 0.011 0.045 0.079 0.029 





In the PCA ofall Notopala species most variance (91%) was explained by PCI, and PCII 
accounted for only a minor portion (6%). The first component was correlated with aperture 
lip length (rotated loading of 0.92), and the second was correlated with umbilical width 
(rotated loading of 0.91). These two components clearly separated N. waterhousii from the 
other species (Figure 5). Specimens of N. alisoni (syn. N. waterhousii, according to 
Stoddart, 1982) and N. essingtonensis did not form distinctive clusters. 

In most morphometric studies PCI is associated with the overall size of the organism. 
In this case, however, characters relating directly to shell size (SHL, SHW, APL, APW) 
had much lower loadings (<0.7) on PCI than.did aperture lip length. As the measured 
specimens of N. waterhousii were larger than the other taxa (Table 4), and as this group 
formed a separate cluster along PCI, shells of this taxon were removed and the data re- 
examined. Removal of N. waterhousii had minimal impact on component loadings of all 
characters. The first component still correlated with aperture lip length (rotated loading 
of 0.938), while the second retained its positive loading from umbilical width (rotated 
loading of 0.934). 

Model I one-way ANOVAs were used to compare the a priori taxonomic groups based 
on ALLand UMB. Differences were located using Tukey’s Honestly Significant Difference 
procedure. 

Significant differences exist between the taxa in umbilical width (Е, ,,4,7 58.85; p<0.001) 
and aperture lip length (F,,,, = 50.54; p«0.001). Notopala waterhousii has a larger 
umbilicus and aperture lip than other Notopala, including N. essingtonensis. Notopala 
alisoni, which differs in both characters from N. waterhousii, does not differ in either 
character from the N. sublineata populations of the Lake Eyre Basin. The other northern 
taxon, N. essingtonensis, differs from both N. hanleyi and N. sublineata in having a larger 
umbilicus than N. hanleyi,anda larger aperture lip than either population of N. sublineata. 
No differences exist in either character between N. essingtonensis and banded shells from 
the upper Murray-Darling Basin. 

The “banded” group from the Murray-Darling Basin hasa larger umbilicus and aperture 
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Figure 5. РСА plot for Australian Notopala. Species are denoted ‘s’ for N. sublineata, ‘h’ for N. hanleyi, 


‘a’ for N. alisoni, ‘e’ for N. essingtonensis, ‘w’ for N. waterhousii and ‘b’ for the banded shells 
from the upper Murray-Darling Basin. 


lip length than N. hanleyi, anda larger aperture lip than either population of N. sublineata. 
The umbilicusin N. hanleyiis smaller than thatin either population of N. sublineata. There 
are no differences in umbilicus width or aperture lip length between N. sublineata from the 
Murray-Darling Basin and the Lake Eyre Basin. 

These results suggest that there is at least two species of Notopala in central and southern 
Australia: №. hanleyi in the Murray-Darling Basin only, and N. sublineata in both the Lake 
Eyre and Murray-Darling Basins. According to these characters, N. barretti may be 
synonymous with N. sublineata. The identity of the “banded” shells from the upperreaches 
of the Murray-Darling remains unclear, in terms of these morphometric characters they 
do not appear to belong with either N. sublineata or N. hanleyi. 


Notopala from the Lake Eyre and Murray-Darling Basins 


The inclusion of species from northern Australia may obscure variation between groups 
from the Lake Eyre and Murray-Darling basins. When shells of N. waterhousii, N. 
essingtonensis, N. alisoni and the “banded” group were removed, the remaining data set 
comprised 105 shells from 22 populations. PCA was then used to ordinate these shells based 
on the seven measurements. 

Inthis second PCA the firsttwo components together accounted for only 4646 of the total 
variation. The first component (23%) was positively correlated with umbilical width 
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Table5. Numbers of shells assigned to the putative species (rows) by the DFA (columns). 





DFA Groupings 
“М. hanleyi" “N. sublineata" Total 
Species N. hanleyi 33 9 42 
N. sublineata 5 58 63 
Total 38 67 105 





(rotated component loading of 0.911), and component two (also 23%) was correlated with 
aperture lip length (rotated loading of 0.952). No distinctive clusters were evident, but 
shells were arranged in two broad groups (Figure 6). Although there was some overlap, 
most N. hanleyi were arranged low on PCI and high on PCII, reflecting a smaller umbilicus 
and larger aperture lip. The majority of N. sublineata shells grouped higher on PCI and 
lower on PCII. 

Discriminant Function Analysis (DFA) was used to assess how accurately individual 
shells had been assigned to either N. hanleyi or N. sublineata based on the seven shell 
characters (Table 5). This suggests that 90% (38/42) of those shells classified as N. hanleyi 
and 92% (63/67) of those classified as N. sublineata are ‘correctly’ assigned. 

Overall, this suggests that N. hanleyi and N. sublineata are morphologically distinctive. 
The geographical distribution of the shells assigned to each species confirms that both are 
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Figure6. РСА plot for Notopala from the Lake Eyre and Murray- Darling basins. Species are denoted ‘s’ 


forN. sublineata, fromthe Murray-Darling Basin, ‘c’ for N. sublineata from the Lake Eyre Basin 
and ‘h’ for N. hanleyi. 
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Table 6. Shell characters (cm) in N. hanleyi and N. sublineata. The last line shows corresponding values 
of Student's t, with a Bonferroni corrected significance level of p=0.007. 





UMB SHL APL SHW APW SPL ALL 
N. hanleyi x 0.129 1.667 1.05 1.383 0.852 1.1 0.557 
ESE 0.01 0.052 0.026 0.036 0.025 0.037 0.013 
N. sublineata x 0.213 1.895 1.096 1.508 0.903 1.234 0.507 


+SE 0.007 0.043 0.028 0.028 0.015 0.028 0.009 
p<0.001 p<0.001 р>0.05 р<0.007 р>0.05 ` p«0.005  p«0.001 


presentin the Murray-Darling Basin but that only N. sublineatais present in the Lake Eyre 
Basin. 


Aspects of Shell Variation in N. hanleyi and N. sublineata 


Student's t-tests were used to examine differences in all measured shell characters 
between N. hanleyi and N. sublineata (Table 6). As the shell characters were not 
independent, the overall error rate was adjusted by the Bonferroni procedure (Neter et al., 
1985), where the nominated significance level (0.05) is divided by the number of 
nonindependent tests. After adjustment, significant differences were evident in umbilicus 
width, shell length, shell width, spire length and aperture lip length between the two 
species, with no difference in the shape of the aperture. 

Regressions between X (SHL) and Y (SHW, SPL, APL, APW, UMB, ALL) were 
calculated for each species, and an analysis of covariance (ANcovA) was applied to test for 
differences between slopes and elevations (cf. Balaparameswara Rao & Subba Rao, 1985). 
Again, the error rate was adjusted by the Bonferroni procedure. 

Table 7 shows that the relationships of shell length with shell width, spire length, 
umbilical width and aperture lip length did not differ between the two species. There were 


Table 7. Linearregression parameters from the regression of SHW, SPL, APL, APW, UMB, ALL onSHL 
for N. hanleyi (Н) (n=42) and N. sublineata (S) (n=63). The F ratio (ANCOVA) is used to test the 
null hypothesis that there is no difference in the slopes of the regressions for the two species 
(E) or no difference in the elevations of the regressions (E). A Bonferroni corrected 
significance level of p=0.007 applies. 


Species a b т? df F 

SHL/SHW H 0.263 0.672 0.963 40 F,-2.628, р>0.05 
S 0.391 0.589 0.788 61 F=<1, p>0.05 

SHL/SPL H -0.04 0.685 0.964 40 F=4.079, p>0.01 
S 0.116 0.589 0.816 61 F=<1, p>0.05 

SHL/APL H 0.261 0.473 0.92 40 F=7.462, р<0.007 
S 0.4 0.367 0.739 61 

SHL/APW H 0.11 0.445 0.887 40 F=16.24, р<0.001 
S 0.377 0.277 0.591 61 

SHL/UMB H -0.06 0.112 0.371 40 F=1.174, p>0.05 
S -0.05 0.139 0.641 61 F=<1, р>0.05 

SHL/ALL H 0.23 0.195 0.638 40 F=5.281, p>0.01 
S 0.275 0.122 0.357 61 F=<1, p>0.05 
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differences, however, in the relationships of shell length with aperture length and aperture 
width. 

Notopala hanleyi is morphometrically distinct from N. sublineata, at least for the 
samples on hand. Each has a similar-sized aperture (cf. Table 6), but differs in the 
relationship of total shell length with both aperture length and aperture width. The smaller 
aperture, in relation to shell height of N. sublineata may increase its ability to avoid 
desiccation. Stoddart (1982) found that N. waterhousii had a smaller aperture in relation 
to total shell length than N. essingtonensis. Notopala waterhousii inhabits temporary 
water-bodies, apparently avoiding desiccation when water-bodies dry by sealing the 
aperture and resting in the mud whereas N. essingtonensis is restricted to permanent water 
(Stoddart, 1982). Laboratory observations suggest that N. sublineata is able to avoid 
dehydration by tightly sealing the aperture with the operculum, surviving at least three 
weeks out of water (Sheldon, unpublished). 


CONCLUSIONS 


Shells of Australian Notopala are morphometrically similar, with most variation 
between species occurring in the size of the umbilicus. The umbilicus is an important 
taxonomic character in many gastropods (Smith & Kershaw, 1979), and although it has 
not previously been used for differentiating species of Notopala, it may prove useful in 
future revisions. The size of the umbilicus may have significance for the ecology of species, 
as a larger umbilicus may be the result of a reduction in the size of the aperture. The 
umbilicate species N. waterhousii and N. sublineata have smaller apertures in relation to 
shell length than other Notopala, and avoid dehydration by tightly sealing the aperture with 
the operculum (Stoddart, 1982). 

Taken with the results of Stoddart (1982), these data suggest (but do not confirm) that 
there are four species of Notopala in Australia: N. waterhousii and N. essingtonensis in 
drainages across the north and north-west of the continent, N. sublineata in the central 
Lake Eyre and southern Murray-Darling Basins, and N. hanleyi in the Murray-Darling 
system. The status of the “banded” shells from the upper reaches of the Murray-Darling 
remains unresolved but they may be morphometrically distinctive, judging from the 
characters used in this analysis. Further studies, utilising additional morphological and 
molecularcharacters, are required before their taxonomic status can be formally determined. 

Over the past 40 years gastropod populations in the rivers of the Murray-Darling Basin 
have declined markedly, probably because of environmental changes associated with river 
regulation (cf. Walker et al., 1992; Sheldon & Walker, 1993). In the lower River Murray 
both N. hanleyi and N. sublineata are apparently extinct in the natural environment. 
Notopala hanleyi survives, however, in at least one irrigation pipeline in the South 
Australian Riverland (Sheldon & Walker, 1993), where it is regarded as a troublesome 
pest. This places the species in a situation that is both paradoxical and precarious. 

Notopala sublineata appears to be extinct in the Murray-Darling Basin, as no live 
specimens have been recorded in at least 10 years (Sheldon & Walker, 1993). However, 
it is still abundant in Cooper Creek in the Lake Eyre Basin (Sheldon, unpublished). This 
population is the only known surviving population of N. sublineata. 
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BOOK REVIEW 


FAUNA IBERICA. Vol. 1. MOLLUSCA, CEPHALOPODA. by Angel Guerra Sierra. 
1992. Museo Nacional de Ciencias Naturales, Consejo Superior de Investigaciones 
Cientificas, Madrid. 327 pages, 95 figures, 19 colour photos. Price: 2980 pesetas 
(about $A 35.00). 


Students of Teuthology today are fortunate to have a wealth of excellent references 
published in the past decade. This latest addition is no exception. The author is a well 
known teuthologist working in the Instituto de Investigaciones Marinas, Vigo, Spain. 
The institute has an active research program on cephalopod fisheries and biology. 


The book deals with the cephalopod fauna of the Spanish coasts. It starts with 
general information on cephalopod systematics, distribution, morphology, anatomy, 
and natural history; followed by detailed treatment of Spanish fauna. For each species, 
the external morphology, geographical distribution and the biology are given. A total 
of 96 species belonging to 33 families was treated. The text figures are of excellent 
quality, although many are from published work. The book is printed on quality papers 
with excellent presentation. The 19 colour photographs are outstanding. 

Information on the cephalopod fauna of Spain (and Europe in general) are scattered 
in numerous publications. This book brings them together. This and the extensive 
bibliography makes it an excellent reference book for those interested in cephalopods. 
It is recommended. 


C.C. Lu 
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ABSTRACT 


Four taxa of Australian Eocene Turridae attributed to Tate by Cossmann in the 
Essais de Paléoconchologie are reviewed. Two of them (Bathytoma atractoides 
Cossmann, 1896 and B. gellibrandi Cossmann, 1896) are nomina nuda. Borsonia 
otwayensis Cossmann, 1896, is an available name. B. otwayensis Tate, 1898; B. 
polycesta Tate, 1898; and B. protensa Tate, 1898, are junior synonyms of B. 
otwayensis Cossmann, 1896. Pleurotoma perarata Cossmann, 1896, is also an 
available name and a senior synonym of Pleurotoma septemlirata G. F. Harris, 
1897. Syntypes of Borsonia otwayensis and Pleurotoma perarata Cossmann, 1896, 
are illustrated for the first time. 


INTRODUCTION 


In 1896, Maurice Cossmann published the first truly modern revision of the Turridae 
(then known as the Pleurotomidae) based on Recent and fossil material from throughout 
the world. This monograph was principally concerned with supraspecific taxa but also 
contained new species-group taxa. Cossmann’s collection also contained material sent to 
him by other collectors, including specimens of Australian fossils identified by Ralph Tate. 
I here re-examine the status of four names published by Cossmann. 


SYSTEMATICS 


Bathytoma atractoides Cossmann, 1896. 
Cossmann, 1896: 103. 


Tate did not describe a Bathytoma with this species name. In the Essais, Cossmann listed 
the name; because no indication was provided, the name is a nomen nudum. 

Even though Cossmann provided no description or indication for this name, both Powell 
(1944) and Cotton (1947) listed Bathytoma atractoides Cossmann, 1896, as asynonym of 
Micantapex rhomboidalis (Tenison-Woods, 1880). These determinations are apparently 
based on examination of collections and cannot be supported by the actual published 
information. 


Bathytoma gellibrandi Cossmann, 1896. 
Cossmann, 1896: 103. 


Tate did not describe a Bathytoma with this name. In the Essais, the name is simply listed 
and no indication is provided. 

The name is a nomen nudum. 

Bathytoma gellibrandi Cossmann was identified by Powell (1944) and Cotton (1947) as 
a synonym of Genotia decomposita Tate, 1894, which they assigned to the genus 
Micantapex. 
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Borsonia otwayensis Cossmann, 1896. 
(Figures 1-6) 


Cossmann, 1896: 98, text-figure 17 (protoconch). 


Unlike the names atractoides and gellibrandi, Tate (1898) did describe a Borsonia 
otwayensis along with two others, Borsonia polycesta and Borsonia protensa. Subsequent 
authors (Powell, 1944; Cotton, 1947; Long, 1981) listed Cossmann's name as a nomen 
nudum and attributed the taxon to Tate, 1898. This is not correct. The protoconch figure 
isan indication and the name Borsonia otwayensis Cossmann, 1896, is thus available from 
Cossmann's publication. In order to establish the identity of Cossmann's taxon, two of the 
syntypes of B. otwayensis Cossmann (U.00001 LP-MNHN and U.00002 LP-MNHN) are 
illustrated in Figures 1-6. 

Twoothernames,B. polycestaand B. protensa are conspecific with Borsoniaotwayensis 
Cossmann (Long, 1981). Long adopted the name Cordieria protensa (Tate, 1898) as the 
senior synonym. This must be altered because Cossmann's earlier validation. In my 
opinion, Cossmann's species is better placed in Borsonia rather than Cordieria. Shells of 
species of the latter genus have neither the marked shoulder slope nor the angular shoulder 
of the former. Therefore, the name Borsonia otwayensis Cossmann, 1896, is the correct 
one and Tate's three species of Borsonia are junior synonyms. 


Pleurotoma perarata Cossmann, 1896. 
(Figures 7-10) 


Cossmann, 1896: 77. 


Tate did not describe a species of Pleurotoma using this name. However, Cossmann did 
provide a description for this taxon. His description is as follows (p. 77): 
“Pas de forme européenne connue, mais une esp ce aberrante, dans 1’ Australie du Sud, à 
embryon paucispir dont le nucléus est obtus et dévié, ayant le canal court et large, un peu 
infléchi, les tours cerclés de cordonnets, etc...(P. perarata, Tate), ma coll.” 


Although the description by itself is not sufficient to establish the identity of the taxon, 
Cossmann's syntypes are preserved in the Institut de Paléontologie. Two of them (U.00005 
LP-MNHNand U.00004 LP-MNHN) are illustrated for the first time in Figures 7-10. These 
specimens are conspecific with Turris septemlirata (G. F. Harris, 1897), as was previously 
noted by Tate (1898), Powell (1944), and Cotton (1947). These authors considered 
Cossmann’s (1896) name to be a nomen nudum, which it is not, as Cossmann provided a 
description. Therefore, the name Turris perarata (Cossmann, 1896), is the correct name 
for the species. 
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and spire whorls (U.00001 LP-MNHN). 4.4 X magnification. 4 and 5. Borsonia 
otwayensis Cossmann, 1896. Syntype (U.00002 LP-MNHN) from Cape Otway. Total 
shell length 12.3 mm. 6. Borsonia otwayensis Cossmann, 1896. Protoconch and spire 
whorls (U.00002 LP-MNHN). 3.6 X magnification. 7 and 8. Pleurotoma perarata 
Cossmann, 1896. Syntype (U.00005 LP-MNHN) from "Australie du Sud". Total shell 
length 35.1 mm. 9 and 10. Pleurotoma perarata Cossmann, 1896. Syntype (U.00004 LP- 
MNHN) "Australie du Sud". Total shell length 39.5 mm. 
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ABSTRACT 
Anew species of the muricid subgenus Dermomurex (Viator) is described from 
the Recent fauna at Broome, W.A. It differs from the three known species of 
the subgenus in the twisted siphonal canal and in details of the intritacalx. 


INTRODUCTION 


The muricid subgenus Dermomurex (Viator) was named (Vokes, 1974, p. 4) onthe basis 
of one fossil species, D. (V.) asteriscus (Tate, 1888), and one Recent species, D. (V.) 
antonius Vokes, 1974. The group is distinguished from the closely related, and presumably 
ancestral, subgenus Dermomurex (Takia) by the relatively long, straight siphonal canal 
present in Viator, in contrast to a shorter, recurved siphonal canal in Takia. At the time 
of the original description I was of the belief that the Australian line was descended from 
an American fossil species, Dermomurex (Takia) sexangulus (Dall, 1915), giving reason 
to the name Viator (Latin — a traveler). 

Subsequent work on previously unrecognized and/or new species of Dermomurex in the 
Recent and fossil record of Australia (Vokes, 1985), showed that the Viator line more 
probably is descended from the Janjukian (Late Oligocene) species Dermomurex (Takia) 
imitator (Vokes, 1985, p. 53, pl. 2, fig. 1). This species is not only of the same geologic 
ageas the American D. sexangulus, but the morphology is very similar, indicating that both 
species probably are descended from an as-yet unknown common ancestor. 

The subgenus Takia is first seen in two morphologically similar Early Oligocene 
species, one in the New World and one in the Old World: D. (T.) cookei Vokes, 1975, from 
Mississippi, and D. (T.) cotteavi (Meunier, 1880), from France. There are fossil species 
of various geologic ages known from throughout the world (United States, Europe, Java, 
and Australia; see Vokes, 1975, p. 130). Although the line persisted in the Mediterranean 
area through the Pliocene [D. (T.) distinctus (Cristofori and Jan, 1832)], today it occurs 
only in the Indian and Pacific Oceans with five living species: D. (T.) infrons Vokes, 1974 
(type species), D. (T.) bobyini (Kosuge, 1984), D. (T.) wareni Houart, 1990, all from the 
western Pacific; D. (T.) africanus Vokes, 1977, from East Africa; and D. (T.) myrakeenae 
(Emerson and D’ Attilio, 1970), from the eastern Pacific. 

The Silverdale, North Carolina, locality at which the Late Oligocene species D. (T.) 
sexangulus occurs is unusual and seems to be more closely related to the European fauna 
than to other U.S. Atlantic and Gulf Coastal Plain deposits. It is assumed, therefore, that 
the extraordinarily similar American and Australian species were somehow linked 
through a European route. 

In Australia, by the Early Miocene, the derivative subgenus Viator had branched off the 
ancestral line, as demonstrated by the presence of a second fossil species, D. (V.) darraghi 





Text-figures 1-3. Figure 1. Dermomurex (Viator) antonius Vokes; WAM 3634-67 (holotype); height 
25.7 mm, diameter 13.4 mm; locality, Dampier Archipelago, W.A. (X 2). Figure 2. 
Dermomurex (Viator) разі, n. sp.; WAM 237-93 (holotype); height 18.0 mm, diameter 
10.9 mm; locality, Broome, W.A., 12 meters (figs. 2a, 2b X 2; fig. 2c, 2d X 3). Figure 
3. Dermomurex (Viator) разі, Vokes, n. sp.; WAM 236-93 (paratype); height 14.9 mm, 
diameter 8.5 mm; locality, Broome, W.A., 12 meters (X 3). 


(Vokes, 1985, p. 55, pl. 3, figs. 3, 4 [where it is incorrectly cited as Dermomurex (Takia) 
darraghi]), described from the Longfordian-Batesfordian (Early Miocene) Gellibrand 
Clay. Until now, the subgenus Viator included only the two fossil species and the Recent 
type but additional collecting has produced a second Recent species of this subgenus, 
living in the same general geographic area as D. (V.) antonius, northwestern Australia. 


SYSTEMATICS 


Family Muricidae Rafinesque, 1815 
Subfamily Muricinae Rafinesque, 1815 
Genus Dermomurex Monterosato, 1890 


Dermomurex Monterosato, 1890, Natural. Sicil., v. 9, p. 181. New name for Poweria 
Monterosato, 1884, non Bonaparte, 1840. 
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Type species: Murex scalarinus Bivona-Bernardi, 1832,= Murex scalaroides Blainville, 
1829 (o.d.). 


Subgenus Viator Vokes 1974 
Viator Vokes, 1974, J. Malac. Soc. Australia, v. 3, no. 1, p. 4. 
Type species: Dermomurex (Viator) antonius Vokes, 1974 (o.d.) 


Dermomurex (Viator) pasi Vokes, n. sp. 
Text-figures 2-4 


Description: Adult shell small (maximum length about 20 mm); five teleoconch 
whorls; protoconch of one and one-half smooth, bulbous whorls. Onset of teleoconch 
marked by presence of intritacalx. All spiral ornamentation developed in intritacalx only; 
when removed, shell almost smooth between varices. Axial ornamentation on each 
teleoconch whorl of six to seven rounded varices, the earliest of which extend onto 
protoconch. With each successive whorl varices larger and more adaperturally recurved, 
with adapertural surface undulated by spiral cords (note: most varical ornamentation 
developed only in intritacalx, exposed shell with only heavy rounded ridges). Spire low, 
whorls greatly inflated, suture deeply impressed. Varices from each successive whorl 
crossing suture and abutting varices of previous whorl. Aperture oval, inner lip slightly 
appressed at posterior end, free-standing at anterior end; both inner and outer lips smooth. 
Siphonal canal moderately long, with flaring bulge about midway between base of body 
whorl and tip of canal. Each siphonal canal welded to previous one, with spiral twist 
developing on canal resulting from formation of successive varices (although principally 
developed in intritacalx, weakly present in exposed shell). Entire external surface 
(excluding protoconch) of shell covered by a thick chalky layer (intritacalx) marked with 

















Text-figure 4. Dermomurex (Viator) pasi Vokes, n. sp. WAM 237- 93 (holotype). Detail of intritacalx 
(X 20). 
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Text-figure 5. Dermomurex ( Viator) antonius Vokes. WAM 2843-67 (paratype). Detail of intritacalx 
(X 20). 


faintly punctate spiral lines and very weak axial lines, giving linen-like texture to surface. 
Deep pits developed in intritacalx at irregular intervals in a checkerboard pattern, 
especially along abapertural margin of varices. 

Type material: Holotype: WAM 237-93; length 18.0 mm, width 10.9 mm, collected 
by Johan Pas (text-figures 2, 4). Paratype: WAM 236-93; height 14.9 mm, diameter 8.5 
mm, collected by Johan Pas (text-figure 3). 

Three additional unfigured paratypes in Vokes Collection: two from Broome (one from 
Mr Pas, length 12.1 mm; the second bought from a U.S. dealer as “D. antonius,” length 
11.6 mm); the third (length 16.3 mm) collected in material dredged to build boat-ramp at 
Cossack, W.A. 

Type locality: Off Broome, W.A., 12 meters, in sand and gravel, with scuba. 

Discussion: On a recent visit to Australia I was given a specimen of what was said to 
be D. (V.) antonius, collected at Broome. My first reaction was that the shell was 
pathologic, with the siphonal canal strangely distorted. But then I received an additional 
two examples, also from Broome, both with the same twisted canal. Itbecame obvious that 
they represent a new species, which, although similar to D. antonius, is consistently 
different in having a peculiarly distorted siphonal canal, in contrast to the Straight canal 
of D. antonius and the other species included in Viator. 

The distorted canal of this new species, although not completely straight, as in other 
species of the subgenus, nevertheless is more akin to Viator than to the short, recurved 
canal of Takia. In Takia the height of the spire and the length of the siphonal canal are 
approximately the same. In Viator, the spire is relatively lower, the siphonal canal 
relatively longer, and the aperture relatively smaller, giving a very different appearance 
to the shell. 
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Dermomurex (Viator) pasi has only a subgeneric resemblance to the previously 
described D. antonius. Differences between the two species include not only the twisted 
siphonal canal of D. pasi but also the larger size of D. antonius. The holotype of D. antonius 
(text-fig. 1) is 25.7 mm in height; the holotype (text-figure 2) of D. pasi is 18 mm. Text 
figures 2a, 2b are the same magnification (X 2) as the holotype of D. antonius so that one 
may compare the two shells without bias (text-figures 2c, 2d, and 3 are more enlarged to 
show details of the shells). The varices of D. pasi are more deeply excavated on the 
abapertural side and the spire is lower. | 

In addition to these macroscopic differences the intritacalx of the two species is 
markedly different: that of D. pasi (text-figure 4) has almost a checkerboard appearance, 
with square pits regularly distributed over the surface, which is also marked by finely 
punctate spiral lines; that of D. antonius (text-figure 5) lacks the square openings and has 
more coarsely punctate spiral lines. 

In addition to these live-taken shells, a beach-worn specimen was collected at Cossack, 
W.A. (near Karratha), indicating that the species has a larger geographic range than just 
the Broome area. I suspect if collectors will examine their specimens of “D.antonius” 
several more examples of this new species will be recognized. 
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ABSTRACT 


Four species of the muricine subgenus Pterochelus are distributed around the 
perimeter of the Australian continent in a simple geographic pattern: P. 
acanthopterus in the north; P. duffusi in the east; P. triformis in the south; and 
P. westralis in the west. To this number may be added two geographically 
intermediate species: Pterynotus (Pterochelus) akation, n. sp., in the northwest; 
and P. (P.) undosus, n. sp., in the southwest. The species P. saibaiensis was 
named from the northeast, but it is here considered to be a synonym of P. 
acanthopterus, which thus ranges from the Torres Strait to Rottnest Island, 
W.A. 


INTRODUCTION 


Three species of the muricine subgenus Pterochelus (type species: Murex 
acanthopterus Lamarck, 1816) have been recognized as occurring in Australia — P. 
(P.) acanthopterus in the north and west, P. (P.) triformis (Reeve, 1845) in the south 
and P. (P.) duffusi (Iredale, 1936) in the east. A fourth species, Pterynotus westralis 
Ponder and Wilson, 1973, was described in the subgenus Pterochelus but, at the same 
time, the authors expressed reservations concerning the validity of the subgeneric taxon 
(Ponder and Wilson, 1973, p. 395). 

Closer examination of many specimens from around the perimeter of the Australian 
continent shows that there are at least two additional species, the so-called “dwarf- 
form” of P. acanthopterus (e.g., Radwin and D’Attilio, 1976, p. 96) from the 
northwestern corner (pl. 5, figs. 1-5) and another previously unrecognized species from 
the southwest (pl. 6, figs. 1-4). 

In addition to the array of species found in Australian waters, there is possibly one 
other living species of Pterochelus. This is P. (P.) ariomus (Clench and Pérez Farfante, 
1945) based upon a unique specimen (pl. 3, fig. 8) taken live off Hollywood, Florida. In 
a previous study of this group (Vokes, 1989), I discussed my reasons for accepting this 
species. Even though there has never been another specimen taken, the presence of a 
closely related form in the Pliocene of England (Murex elegantula Harmer, 1918) 
together with a long fossil record going back to the Eocene in England (Murex 
bispinosus Sowerby, 1823) and the Oligocene of the United States and Germany (Murex 
angelus Aldrich, 1886), indicates to me there is a strong possibility that this is a valid 
western Atlantic species. Certainly, it is not recognizable as any known form from 
Australia. With its relatively small size and coarse ornamentation the species it most 
nearly resembles is P. elegantula. 


MATERIALS AND METHODS 
This study is the result of two trips to Australia, one in May, 1992, and one in 
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December, 1992-January, 1993. At that time I examined not only all of the relevant 
material in the collections of the Australian Museum and the Western Australian 
Museum, but also every private collection that I could locate, including several public/ 
private museums of the sort commonly found in Australia. In addition, in the thirty 
years that I have been studying the species of Muricidae I also have studied the 
collections at the National Museum of Victoria, the South Australian Museum, and the 
British Museum (Natural History), as well as numerous private collections in the 
United States. 

Until truly quantitative methods utilizing genetic material (e.g., radio-immuno-assay) 
become better developed (and I believe in time this will happen) the only way that 
species of Mollusca are separated is in the eye of the beholder. One must examine as 
many specimens as possible and hope that a consistent pattern of morphologic 
characters can be recognized. This method is almost totally subjective. There are 
certain morphological characters, such as the protoconch or the operculum, that 
sometimes prove to be useful in separating superficially similar species. But, ultimately, 
it is the practiced eye of the taxonomist that makes the value judgement as to whether 
two shells are sufficiently different to be considered two distinct species. 

The muricid radula is an extremely valuable tool in separating taxa at the subfamilial 
and occasionally even at the generic level. However, at the species level it is useless. 
Therefore, the single SEM photograph of the radula of Pterynotus (Pterochelus) 
undosus, n. sp. (text-figure 3) can serve for all of the species discussed herein. 
Moreover, the radulae of three of the previously described species have been figured 
elsewhere: P. acanthopterus (Ponder, 1972a, text-figs. 1:2a, 2b); P. duffusi (Radwin 
and D'Attilio, 1976, text-fig. 61); P. westralis (Ponder and Wilson, 1973, text-figs. 1, 
2). 
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Map showing geographic distribution of the species of Pterochelus in Australia. 
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Between some species of Muricinae different protoconch types, reflecting differing 
reproductive strategies, facilitate distinction. However, in the subgenus Pterochelus 
protoconchs of all of the species are identical, consisting of one and one-half bulbous 
whorls, implying direct development. The only difference between the various species 
may be seen in the diameters of certain of the forms. For example, specimens of P. (P.) 
duffusi have a relatively large protoconch with a diameter of approximately 1.5 mm 
(varying from 1.3 mm to 1.6 mm) in contrast to specimens of P. (P.) undosus, n. sp., 
which has a protoconch of approximately 1.0 mm diameter (varying from 0.9 to 1.1 
mm). This can be seen visually by comparing pl. 4, fig. 1c (P. duffusi) and pl. 6, fig. 3d 
(P. undosus). 

In all of the measurements given below, “length” is that distance from the apex of the 
shell to the distal end of the siphonal canal, measured perpendicular to the axis of the 
shell. “Width” is the distance from the outermost edge of the varical lip (including any 
shoulder spine that may be present) to the opposite side on the shell, as measured on a 
line through, and parallel to, the axis of the shell. Thus, on these three-variced species, 
this point is usually the intervarical node between the second and third varices, counting 
abaperturally. 


SYSTEMATIC DESCRIPTIONS 


Genus Pterynotus Swainson, 1833 
Pterynotus Swainson, 1833, Zool. Illus., (Ser. 2) v. 3, expl. to pl. 100. 


Type species: Murex pinnatus Swainson, 1822, by subsequent designation, Swainson, 
1833 [ibid., expl. to pl. 122]. 


Subgenus Pterochelus Jousseaume, 1880 
Pterochelus Jousseaume, 1880, Le Naturaliste, Année 2, p. 335. 
Type species: Murex acanthopterus Lamarck, 1816, by original designation. 


Discussion: Ponder and Wilson (1973, p. 395), in their description of P. westralis, 
discussed the probability that the subgenus Pterochelus is “not worthy of recognition 
even as a subgenus." If P. westralis were the only species to be referred to the group this 
would be a fair assessment. But other members of the subgenus have a distinctive 
morphology, which has existed since the Eocene in an almost unchanged form. Even 
though P. westralis is minimally distinct from the nominal genus, the other species of 
the group are certainly worthy of separation. 

The problem arises because P. (P.) westralis is intermediate between typical 
Pterynotus s.s. and the subgenus Pterochelus, which is marked by having the aperture 
opening into a channel in the shoulder spine, extending to the edge of the varix. It is 
only this latter trait that separates the two taxa, other criteria such as scabrousness, 
nature of protoconch, and radular type are too similar (or have broad, overlapping 
ranges in each of the subgenera) to distinguish the two. Nevertheless, the Pterochelus 
morphotype goes back to the Eocene of England (Murex bispinosus Sowerby, 1823) and 
Australia (Murex adelaidensis and manubriatus, both Tate, 1888*) almost without 
change. For a trait to persist so long through geologic time in an unchanged fashion 
suggests there is a strong evolutionary reason for its presence. 


* The species Murex otwayensis Hanis, 1897, originally thought to be Eocene is now known to be from the Oligocene Glen Aire Clay. 
Itis nota Pterochelus, but a Pterynotus of the “species group of P. guest?” (see below), very similartothe American EoceneP. stenzeli 
Vokes, 1970, with a denticulate outer lip and only a slight infolding of the apertural margin into the channeled shoulder spine. 
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Ponder (1972a, p. 216) originally suggested that the genus Pterynotus s.s. be retained 
for those species without a posterior spine, with scabrous sculpture and a multispiral 
protoconch. However, as Ponder and Wilson noted (1973, p. 395), P. westralis has shell 
characteristics of both. Even more importantly, if the multispiral protoconch were made 
a generic character, most of the species presently included in the strict subgenus would 
be eliminated. It is now well established that the nature of the protoconch, whether 
multi- or paucispiral, although a good specific character, is not a valid generic character 
(e.g., Ponder, 1972b; Ponder and Vokes, 1988). 

In the Recent fauna the subgenus Pterynotus s.s. includes four different species 
lineages, first noted by Harasewych and Jensen (1979) and later expanded (Vokes, 
1992, p. 4) to include a fifth morphotype known only from the fossil record. The species 
within each lineage resemble each other, but differ from the other lineages, in the 
nature of the apertural denticulations, the thickness and scabrousness of the shell, etc. 
But all seem to be sufficiently closely related to be included within a single taxon. For 
this reason I separated the western Atlantic species into "species groups" (Vokes, 
1992). 

The geologically earliest group (Group 1) is that of Pterynotus guesti Harasewych 
and Jensen, 1979, in which there is a narrow channel in the varical shoulder spine. But 
in these species the aperture does not open into the spine and there are denticles on the 
inner side of the outer lip. This group goes back to the American Paleocene P. 
matthewsensis (Aldrich, 1886) and includes two Recent species: P. guesti, from off 
Florida, and P. vespertilio (Kira, 1959), from Japan. It is this group that has the 
greatest similarity to the subgenus Pterochelus, being distinguished primarily by the 
way the apertural lip does not open into the posterior spine, and by the denticulate 
aperture. 

Group 2, that of P. tricarinatus (Lamarck, 1803), is known only from the fossil 
record, and is characterized by having a denticulate aperture, which folds into a small 
shoulder spine. The shells are also slightly scabrous and the members are clearly 
intermediate between the group of P. guesti (Group 1) and the typical group (Group 3) 
of P. pinnatus, which has an extremely scabrous shell, no shoulder spine, and only 
weak apertural denticles. The group (Group 4) of P. phaneus (Dall, 1889) consists of 
those extremely delicate smooth shells, with only weak apertural denticles, for which 
the generic name Timbellus de Gregorio, 1885 (type species: Murex latifolius Bellardi, 
1872) has been proposed. 

The last group (Group 5) is that of P. phyllopterus (Lamarck, 1822), with heavy, 
smooth shells and no shoulder spines, but very heavy apertural denticulations. This 
group extends back to the Oligocene of Mississippi, and includes the Recent Australian 
P. bednalli (Brazier, 1878). 

In summary, Table 1 shows the distribution of the various characters among the five 
species groups of Pterynotus. Comparison with the subgenus Pterochelus shows that 
there is no single distinguishing character. Nevertheless, the phylogenetic history of a 
channeled, strong shoulder spine, seems to me to be worthy of recognition at the 
subgeneric level. 


Pterynotus (Pterochelus) acanthopterus (Lamarck) 
Plate 1, figures 1-4; Plate 2, figures 1-4; Plate 3, figures 1,2 


Murex acanthopterus Lamarck, 1816, Encycl. Méth., v. 3, pl. 417, fig. 2; Le Liste, р. 5; 
Kiener, 1842, Coq. Vivante, Rocher, p. 105, pl. 38, fig. 2; Sowerby, 1841, Conch. 
Illus., Murex, fig. 85; Reeve, 1845, Conch. Icon., v. 3, Murex, pl. 16, fig. 64; 
Sowerby, 1879, Thes. Conch., v. 4, Murex, pl. 10, fig. 90; pl. 13, fig. 127. 
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Table 1. Comparison of shell characters in the “species groups” of Pterynotus s.s., with those of 
Pterochelus. 


Group 1 Group 2 Group 3 Group 4 Group 5 
P.guesti P. tricarinatus — P. phaneus Р. phyllopterus P.pinnatus Pterochelus 


shoulder X X x 
spine 

weak X x x 
or no 

apertural 

denticu- 

lations 

strong x x x 

apertural 

denticu- 

lations 


smooth X X X X 
surface 


scabrous X X X 
surface 


thin X X X 
shell 


heavy X X X X 
shell 


Murex (Pteronotus) acanthopterus Lamarck. Watson, 1885, Challenger, Rept. Sci. 
Results, Zoology, v. 15, pt. 2, p. 155. 


Murex (Pteronotus) saibaiensis Melvill and Standen, 1899, J. Linn. Soc. Zool., v. 27, p. 
161, pl. 10, fig. 1. 


Pterynotus (Pterochelus) acanthopterus (Lamarck). Ponder, 1972, J. Malac. Soc. Aust., 
v. 2, no. 3, p. 216, pl. 20, fig. 2 (Broome form), text-fig. 1:2a, 2b (radula, Broome 
form); Ponder and Wilson, 1973, J. Malac. Soc. Aust., v. 2, no. 4, p. 396, pl. 39, fig. 
1; Wilson and Gillett, 1974, Australian Shells, p. 88, pl. 59, figs. 4, 4b only (fig. 4a = 
P. akation, n. sp.); Wilson and Gillett, 1979, Field Guide Australian Shells, p. 147, 
pl. 33, figs. 4, 4b only (fig. 4a = P. akation, n. sp.). 

Pterochelus acanthopterus (Lamarck). Radwin and D'Attilio, 1976, Murex Shells of 
the World, p. 95, pl. 15, figs. 1, 2 only (fig. 3 = P. akation, n. sp.); Fair, 1976, The 
Murex Book, p. 17, pl. 14, fig. 181; Wells and Bryce, 1986, Seashells Western 
Australia, p. 88, pl. 25, fig. 286; Vokes, 1989, Amer. Conchologist, v. 17, no. 2, p. 5, 
text-fig. 3 only (text-fig. 7 = P. undosus, n. sp.). 


Pterochelus saibaiensis (Melvill and Standen). Kaicher, 1980, Card Catalogue World 
Wide Shells, Pack 25, Muricidae, Part V, no. 2559 (holotype). 
Type material: Holotype: Lamarck Collection, Muséum d’ Histoire Naturelle Geneve; 
length 67 mm (fide Kiener, 1843, p. 105). 
Type locality: Not known. 


Material examined: The collections of the Australian Museum, the Western 
Australian Museum, the British Museum (Natural History), and many private 
collections throughout Australia and the United States. 
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Geographic range: From Cape York Peninsula, Queensland, to north of Rottnest 
Island, Western Australia. 

Discussion: The original illustration of Murex acanthopterus by Lamarck is instantly 
recognizable. Moreover, the illustration given by Kiener (1842, pl. 38, fig. 2) is either 
of the same specimen or a copy of Lamarck’s illustration (the back view of the shell is 
turned slightly in Kiener’s illustration, suggesting that it is actually another rendering 
of the same specimen rather than just a copy). According to Watson (1885, p. 155) and 
Hedley (1913, p. 327), the holotype of P. acanthopterus is in the Geneva Muséum 
d'Histoire Naturelle. Watson also noted that the type specimen has been badly acid- 
etched and has lost the varical flanges through breakage. : 

The illustration given by Sowerby in the Conchological Illustrations (1841) was 
subsequently copied in both Reeve (1845) and Sowerby in the Thesaurus Conchyliorum 
(1879, pl. 10, fig. 90). There have been numerous illustrations of this long known 
species and those cited here are only intended to be a representative sample. 

In spite of the fact that the species was recognized by all early workers, for years no 
one had any idea of provenance. The first to cite a locality was Angas (1867, p. 186), 
who listed Murex acanthopterus from Watson’s Bay, a error for the species subsequently 
named Pterochelus duffusi by Iredale. Sowerby (1879, expl. pl. 10) listed the locality as 
“Australia,” almost certainly following Angas and, thus, technically incorrect. Watson 
(1885, p. 155) first correctly reported the species from northern Australia. 

The eastern limit of the range of P. acanthopterus is usually cited as the Kimberley 
Range (Wilson and Gillett, 1974, p. 88; 1979, p. 147; Wells and Bryce, 1986, p. 88). 
But, in the collections at the Australian Museum, there are examples from as far east as 
Darwin and Arnhem Land (AMS C 77055, Boucart Bay, Amhem Land). 

Watson, in the Challenger Report (1885, p. 155) recorded P. acanthopterus from 
Station 187, just west of the Cape York Peninsula, in 6 fathoms [11 meters]. 
Subsequently Melvill and Standen (1899, p. 161, pl. 10, fig. 1) named a small specimen 
from the Torres Strait Murex (Pteronotus) saibaiensis, for the type locality at Saibai 
Island, just off the south coast of Papua New Guinea, where the holotype (BMNH 
1899.2.23.25; refigured here, pl. 2, fig. 1) was taken in 10-17 fathoms [18-31 meters]. 

In 1913 Hedley (p. 327) dismissed M. saibaiensis as a synonym of P. acanthopterus 
and no one has mentioned it since, until Kaicher (1980, no. 2559) refigured the 
holotype. The shell is obviously a juvenile with only four post-nuclear whorls and is 
triangular in outline, lacking the characteristic “notch” along the anterior portion of the 
varical flange. But this is simply a function of size, for this notch is not well-developed 
in juvenile shells, only becoming present on about the fifth teleoconch whorl (see pl. 1, 
fig. 4). Comparison with the adult specimen reported by Watson (1885, p. 155; BMNH 
1887.2.9.538; figured here, pl. 2, fig. 2) indicates that both are to be referred to P. 
acanthopterus. 

More recently, a number of specimens have been dredged in the Gulf of Carpenteria 
and the Torres Strait. In material dredged off Badu Island an adult specimen (pl. 2, fig. 
3) is of the more triangular "saibaiensis" type but has the characteristic notch in the 


< Plate 1. Figures 1-4. Pterynotus (Pterochelus) acanthopterus (Lamarck, 1816). 1. Vokes Coll.; 
length 85.2 mm, width 46.2 mm; locality, Dampier, W.A., low tide (X 1; shell not whitened, 
to show color pattern). 2. WAM 238-93; length 43.6 mm, width 24.6 mm; locality, Dampier, 
W.A., low tide (X 1 1/4; shell not whitened, to show color pattern). 3. AMS C 149226; 
length 47.5 mm, width 23.5 mm; locality, 74 mi [120 km] north-north-east of Port Hedland, 
W.A., 80 m (X 1 1/4; protoconch X 10). 4. AMS C 172776; length 21.4 mm; width 9.5 mm; 
locality, Port Hedland, W.A., on reef at low tide (X 2). 
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varix. In the same dredge haul, there are other examples of the typical “acanthopterus” 
morphology (pl. 2, fig. 4). Thus, the eastern limit of the range of P. acanthopterus 
should be extended as far as the Torres Strait. 

In the vicinity of Broome, Western Australia (figured by Ponder, 1972a, pl. 20, fig. 2; 
refigured here pl. 3, fig. 2), there is a another form that that differs somewhat from the 
typical P. acanthopterus and may prove to be a different species. It is always smaller 
(maximum length 40 mm) and sometimes has a brown and white banded color pattern. 
It is this form that is truly the “dwarf” P. acanthopterus and, for the present, it is 
considered to be no more than that. 


Pterynotus (Pterochelus) triformis (Reeve) 
Plate 3, figures 3-6 


Murex acanthopterus var. Sowerby, 1841, Conch. Illus., Murex, fig. 51. 


Murex triformis Reeve, 1845, Conch. Icon., v. 3, Murex, pl. 13, fig. 53; Reeve, 1846, 
Proc. Zool. Soc. London, pt. 13, p. 87; Sowerby, 1879, Thes. Conch., v. 4, Murex, pl. 
10, fig. 92, pl. 13, fig. 126. 


Pterynotus (Pterochelus) triformis (Reeve). Ponder, 1972, J. Malac. Soc. Aust., v. 2, no. 
3, p. 216, text-figs. 4:32, 4:33 (operculum, fig. 4:32 is reversed); Ludbrook, 1978, 
Geol. Surv. W.A., Bull. 125, p. 142, pl. 15, figs. 17, 18; Wilson and Gillett, 1974, 
Australian Shells, p. 88, pl. 59, figs. 1, 1a, 1b; Wilson and Gillett, 1979, Field Guide 
Australian Shells, p. 147, pl. 33, figs. 1, 1a, 1b. 


Pterochelus triformis (Reeve). Radwin and D’ Attilio, 1976, Murex Shells of the World, 
p. 97, pl. 15, fig. 7 only (fig. 6 = P. undosus, n. sp.); Fair, 1976, The Murex Book, p. 
82, pl. 14, fig. 182; Wells and Bryce, 1986, Seashells Western Australia, p. 88, pl. 26, 
fig. 291; Vokes, 1989, Amer. Conchologist, v. 17, no. 2, p. 3, text-figs. 2, 6. 


Type material: Holotype: National Museum of Victoria, no. F 30968; length 58.6 
mm, width 32.3 mm. 

Type locality: “New Holland.” 

Material examined: The collections of the Australian Museum, the Western 
Australian Museum, the National Museum of Victoria, the South Australian Museum, 
the British Museum (Natural History), and many private collections throughout 
Australia and the United States. 

Geographic range: From southernmost New South Wales, Bass Strait, and Tasmania 
to Esperance, Western Australia. 

Discussion: Along the southern coast of Australia, the species of Pterochelus that 
occurs from New South Wales and Tasmania to the eastern part of Western Australia is 
P. (P.) triformis (Reeve). The western extent of the range of this species has been said to 
be Albany, W.A. (Wilson and Gillett, 1974, p. 88; 1979, p. 147; Radwin and D’ Attilio, 
1976, p. 96) or even Cape Naturaliste, W.A. (Wells and Bryce, 1986, p. 88). But all of 
the specimens I have seen coming from west of Esperance, W.A., such as that figured 
as P. triformis by Radwin and D' Attilio (1976, pl. 15, fig. 6), are P. undosus, n. sp., as 
is discussed below. 


4«(Plate2. Figures 1-4. Pterynotus (Pterochelus) acanthopterus (Lamarck, 1816). 1. BMNH 
1899.2.23.25 (holotype — Murex saibaiensis Melvill and Standen); length 17.8 mm, width 
9.6 mm; locality, Saibai Island, Papua New Guinea, 10-17 fm [18- 31 m] (X 3). 2 BMNH 
1887.2.9.538; length 31.1 mm, width 18.5 mm; locality, Challenger Station 187, just west of 
Cape York Peninsula, 6 fm [11 m] (X 2; protoconch X 10). 3. Lamprell Coll.; length 48.2 
mm, width 25.9 mm; 10°12'S, 141°51.53'E, Torres Strait, 46 m (X 1 1/4). 4. Lamprell Coll.; 
length 50.2 mm, width 23.8 mm; locality same as fig. 3 (X 1 1/4). 
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Although both are taken at Esperance, the two species do not actually occur together. 
Pterynotus triformis is found in the more sheltered area of the rocks of the man-made 


groyne but P. undosus occurs offshore in more open (rougher) and slightly deeper water 
(ca. 30 m). 


Pterynotus (Pterochelus) duffusi (Iredale) 
Plate 4, figures 1-5 


Murex acanthopterus Lamarck. Angas, 1867, Proc. Zool. Soc. London, (1867), p. 186 
(not of Lamarck). 


Pterochelus duffusi Iredale, 1936, Rec. Australian Mus., v. 19, p. 323, pl. 23, fig. 11; 
Radwin and D’ Attilio, 1976, Murex Shells of the World, p. 96, pl. 15, fig. 5, text- 
figs. 60 (protoconch), 61 (radula); Vokes, 1989, Amer. Conchologist, v. 17, no. 2, p. 
3, text-figs. 1, 13 (holotype). 


Pterynotus (Pterochelus) phillipsi Vokes, 1966, Veliger, v. 8, no. 3, p. 165, pl. 25, figs. 
1, 2. 


Pterynotus (Pterochelus) duffusi (Iredale). Vokes, 1966, Veliger, v. 8, no. 3, p. 166, pl. 
25, fig. 3; Wilson and Gillett, 1974, Australian Shells, p. 88, pl. 59, fig. 8; Wilson 
and Gillett, 1979, Field Guide Australian Shells, p. 148, pl. 33, fig. 8. 


Pterochelus phillipsi (Vokes). Radwin and D’ Attilio, 1976, Murex Shells of the World, 
p. 97, text-fig. 62 (holotype); Fair, 1976, The Murex Book, p. 67, pl. 14, fig. 183 
(holotype); Vokes, 1989, Amer. Conchologist, v. 17, no. 2, p. 5, text-fig. 12 
(holotype). 


Not Pterochelus duffusi Iredale. Fair, 1976, The Murex Book, p. 38, pl. 14, figs. 184, 
184a (= P. undosus, n. sp.). 


Pterochelus sp. cf. acanthopterus (Lamarck). Vokes, 1989, Amer. Conchologist, v. 17, 
no. 2, p. 3, text-fig. 5. 


Type material: Holotype: AMS C 60674; length 27.0 mm, width 18.6 mm. SBNHM 
22190 (holotype — P. phillipsi Vokes); length 28.4 mm, width 18.0 mm; locality, “off 
Santa Barbara, California, 100 fm [182 m].” 

Type locality: Broken Bay, New South Wales. 

Material examined: The collections of the Australian Museum, the Western 
Australian Museum, the National Museum of Victoria, the South Australian Museum, 
the British Museum (Natural History), and many private collections throughout 
Australia and the United States. 


Geographic range: Moreton Bay, Queensland, to (?) Port Macdonnell, South 
Australia. 


Plate 3. Figures 1-2. Pterynotus (Pterochelus) acanthopterus (Lamarck, 1816). 1. AMS C 76582; 
length 36.8 mm, width 19.8 mm; locality, Broome, W.A., low tide (X 1 1/4). 2. AMS C 
76582A; length 37.7 mm, width 18.5 mm; locality, Broome, W.A., low tide (X 1 1/4; shell 
not whitened, to show color pattern). 3-6. Pterynotus (Pterochelus) triformis (Reeve, 1845). 
3. WAM 229-93; length 55.4 mm, width 28.3 mm; locality, South Australia (X 1; fig. 3c not 
whitened, to show color pattern). 4. WAM 234-93; length 46.0 mm, width 25.3 mm; locality, 
Taylor Street groyne, Esperance, W.A. (X 1 1/4). 5. WAM 235-93; length 14.0 mm, width 
7.8 mm; locality, Taylor Street groyne, Esperance, W.A. (X 10). 6. Vokes Coll.; length 37.8 
mm, width 19.7 mm; locality, Roe Calcaranite, Eucla, W.A. (X 1 1/4). 7. Pterynotus 
(Pterochelus) westralis Ponder and Wilson, 1973. WAM 373-72; length 28.8 mm, width 
18.0 mm; locality, off Dongara, W.A., 130-146 m (X 1 1/2). 8. Pterynotus (Pterochelus) 
ariomus (Clench and Pérez Farfante, 1945). MCZ 164734 (holotype); length 22.6 mm; width 
12.4 mm; locality, off Hollywood, Florida, in 50-60 fm [91-110 m] (X 2). 
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Discussion: The holotype of P. (P.) phillipsi was said to have been taken live in a fish 
trawl off Santa Barbara, California, in approximately 100 fathoms [182 meters] depth. 
Although I named it as a new species, comparing it to the Australian P. duffusi, I noted 
that there were only slight differences. In the ensuing years no additional specimens of 
P. phillipsi have been collected off California. After examination of additional material 
of P. duffusi, І now feel confident that the American specimen was mislocalized, for it 
is identical to examples of P. duffusi (compare pl. 4, figs. 2, 3) from Australia. 

As a corroboration of this mislocalization, when the question about the locality of the 
holotype was raised, Dr. Henry W. Chaney, Santa Barbara Museum of Natural History, 
offered to examine the colony of Bryozoa encrusting the shell. He advises (personal 
communication, April, 1993) that the bryozoan colony is definitely a Queensland 
species, although the exact taxon is still in systematic question. 

At the time of the description, I also figured a specimen of what I considered to be P. 
duffusi (Vokes, 1966, pl. 25, fig. 3) from off Eden, N.S.W. This specimen (refigured 
herein, pl. 4, fig. 4) is not typical of P. duffusi, which usually is characterized by 
extremely elongated shoulder spines. In some ways this Eden specimen resembles the 
more westerly P. undosus, n. sp.; however, it has a smoother shell surface than 
specimens of P. undosus and also has a larger protoconch, like that of P. duffusi. In 
spite of the superficial similarity to P. undosus, I believe it is no more than an atypical 
specimen of P. duffusi. 

In general, specimens of P. duffusi from the northern end of the range are smaller 
(maximum length 40 mm) and smooth, in contrast to those from the southeastern 
portion of the continent, where they are larger (50-55 mm in length) and have a 
malleated texture to the shell surface. 

In the collections of Mr. Ian Campbell, of Port Macdonnell, S.A., there are several 
specimens (some living in his marine aquarium as recently as December, 1991) of an 
unusual form (pl. 4, fig. 5) with an intense color pattern and a very scabrous surface. 
They are similar to P. undosus in the scabrous surface and the intense color pattern; 
however, the elongated shoulder spines are more like those of P. duffusi. In view of the 
disjunct distribution I tentatively consider the Port Macdonnell specimens to be referable 
to P. duffusi. 


Pterynotus (Pterochelus) westralis Ponder and Wilson 
Plate 3, figure 7 


Pterynotus (Pterochelus) westralis Ponder and Wilson, 1973, J. Malac. Soc. Aust., v. 2, 
no. 4, p. 396, pl. 39, figs. 2, 3 (not 1, as cited); text-figs. 1, 2 (radula). 


Pterynotus westralis Ponder and Wilson. Wells and Bryce, 1986, Seashells Western 
Australia, p. 88, pl. 26, fig. 290. 


Pterochelus westralis (Ponder and Wilson). Vokes, 1989, Amer. Conchologist, v. 17, 
no. 2, p. 5, text-fig. 8 (paratype). 


< Plate 4. Figures 1-5. Pterynotus (Pterochelus) duffusi (Iredale, 1936). 1. WAM 233-93; length 33.3 
mm, width 20.0 mm; locality, off Cape Moreton, Qld., 100 fm [182 m] (X 1 1/2; protoconch 
X 10). 2. SBNHM 22190 (holotype — P. phillipsi Vokes); length 28.4 mm, width 18.0 mm; 
locality, “off Santa Barbara, California, 100 fm [182 m]" ((X 1 1/2). 3. AMS C 173362; 
length 28.5 mm, width 17.0 mm; locality, off Eden, N.S.W. (X 1 1/2). 4. Vokes Coll., length 
46.0 mm, width 27.5 mm; locality, off Eden, N.S.W., 60 fm [110 m] (X 1 1/4; fig. 4b not 
whitened, to show color pattern). 5. Campbell Coll.; length 50.1 mm, width 29.3 mm; 
locality, Port Macdonnell, S.A. (X 1 1/4; shell not whitened, to show color pattern). 
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Type material: Holotype: WAM 438-72; length 28.0 mm, width 15.4 mm (fide 
Ponder and Wilson, 1973, p. 400). 

Type locality: Northwest of Rottnest Island, W.A., dredged in 146 m, fine calcareous 
sand substrate. 

Material examined: The type lot in the collections of the Australian Museum and 
the Western Australian Museum. 

Geographic range: Western Australia, from North West Cape to Bunbury. 

Discussion: Pterynotus (Pterochelus) westralis Ponder and Wilson is confined to the 
western coast of Australia from Bunbury, near the southwestern corner, to North West 
Cape (Wells and Bryce, 1986, p. 88). It is a deep-water form, occurring in depths 
ranging from 115 to 221 meters (Ponder and Wilson, 1973, p. 398) and, as noted by the 
original authors, is sometimes taken in the same dredge hauls as P. acanthopterus 
north of Rottnest Island. It is a relatively small species, with maximum length of only 
31 mm, and lacks the "typical" notch along the anterior portion of the varical flange. 


Pterynotus (Pterochelus) akation Vokes, n. sp. 
Plate 5, figures 1-5 


Pterynotus (Pterochelus) acanthopterus (Lamarck). Wilson and Gillett, 1974, 
Australian Shells, p. 88 (in part), pl. 59, fig. 4a (only); Wilson and Gillett, 1979, 
Field Guide to Australian Shells, p. 147 (in part), pl. 33, fig. 4a (only). 


Pterochelus acanthopterus (Lamarck). Radwin and D'Attilio, 1976, Murex Shells of 
the World, p. 96, pl. 15, fig. 3 (only). 


Pterochelus acanthopterus *dwarf form." Vokes, 1989, Amer. Conchologist, v. 17, no. 
2, p. 5, text-fig. 4. 


Description: Shell with protoconch of one and one-half smooth whorls, teleoconch of 
six to seven whorls. Spiral ornamentation lacking on earliest teleoconch; on about third 
post-nuclear whorl a strong angulation at shoulder and by fourth whorl faint spiral 
threads developed, covering entire exterior surface of shell. On body whorl three raised 
cords, one at shoulder, a second at base of body whorl, and a third half-way between 
these two. Axial ornamentation from earliest post-nuclear whorls of three flanged 
varices, each with open channel within adapically recurved shoulder spine. Varical 
flange extending along entire length of shell to near tip of siphonal canal. Apertural 
faces of varices constructed of multiple layers of thin shelly material, each intricately 
recurved to reflect strength of spiral ornamentation, with larger abapertural folds at two 
major cords, and a more diffuse recurved area forming a “notch” at base of body whorl. 
One strong intervarical node between each pair of varices, beginning about second 
teleoconch whorl; on adult body whorl single nodes breaking down to two or three 
smaller nodes. Entire shell covered by numerous growth lamellae giving a scabrous 
surface. Suture slightly impressed, subsutural area imbricated by growth lamellae. 
Aperture pyriform, wider at posterior end; inner lip smooth, lightly appressed at 
posterior but free-standing along most of length. Inner side of outer lip smooth, outer 


<q Plate 5. Figures 1-5. Pterynotus (Pterochelus) akation Vokes, n. sp. 1. WAM 230-93 (holotype); 
length 44.4 mm, width 25.2 mm (X 1 1/4; shell not whitened, to show color pattern). 2. 
WAM 232-93 (paratype A); length 37.9 mm, width 21.4 mm (X 1 1/4; shell not whitened, to 
show color pattern). 3. AMS C 172400 (paratype B); length 37.4 mm, width 22.5 mm (X 1 1/ 
4). 4. AMS C 172401 (paratype C); length 26.0 mm, width 14.1 mm (X 1 1/2; protoconch X 
10). Locality of all, Dampier, W.A., on reef at low tide. 5. AMS C 173363 (paratype D); 
length 19.8 mm, width 10.3 mm; locality, Port Hedland, W.A., on reef at low tide (X 2). 
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edge crenulated to reflect spiral ornamentation; small sharp teeth between 
emarginations formed by major cords. Outer margin folded into channel at shoulder 
spine. Siphonal canal moderately long, straight, almost closed but open by a narrow 
slit; recurved at distal end. Color yellowish-brown, generally lighter on apertural faces; 
rare examples with broad white band between shoulder and base of body whorl. 
Operculum unguiculate, with terminal nucleus (as shown in Ponder, 1972a, text-fig. 
4:32). 

Type material: Holotype: WAM 230-93; length 44.4 mm, width 25.2 mm (coll. Joe 
Rinkens). Paratypes: WAM 232-93 (paratype A); length 37.9 mm, width 21.4 mm. 
AMS C 172400 (paratype B); length 37.4 mm, width 22.5 mm. AMS C 172401 
(paratype C); length 26.0 mm, width 14.1 mm. Locality of all, Dampier, W.A., on reef 
at low tide (coll. Joe Rinkens). AMS C 173363 (paratype D); length 19.8 mm, width 
10.3 mm, locality, Port Hedland, W.A., on reef at low tide (ex Seymour Coll.). 

Another 12 specimens in the Vokes Collection. 

Type locality: Dampier, Western Australia, on reef exposed at low tide. 

Etymology of name: akation (Gr.) — a dwarf. 

Geographic range: North coast of Western Australia, from Cape Keraudren to 
Onslow. 

Discussion: For some time collectors have been aware of the existence of an 
undescribed species of Pterochelus in northwestern Australia, usually cited as “dwarf 
form of P. acanthopterus" (e.g., Wilson and Gillett, 1974, p. 88; 1979, p. 147; Radwin 
and D' Attilio, 1976, p. 96). In a popular article on the species of Pterochelus (Vokes, 
1989, p. 5) I noted that this species was in need of a name; however, with little more 
information than the fact of its occurrence in the area from Port Hedland to Dampier, I 
was reluctant to consider it as a new species. There was always the possibility that it is 
no more than an ecologic variant of the more widespread P. acanthopterus, perhaps 
induced by hypersalinity of the nearby salt-pans in the Dampier region. Perhaps it is an 
example of sexual dimorphism, as suggested by Wilson and Gillett (1974, p. 88; 1979, 
p. 147). 

However, a trip to the Port Hedland-Dampier region in May, 1992, provided me with 
sufficient answers to my questions to show that this “dwarf form" is a valid species, 
sympatric but not intergrading with typical P. acanthopterus. 

In Port Hedland Mr. Joe Rinkens, local collector and shell-dealer provided me with 
information on the habits of the two species in question. According to him, the two 
forms live together on the reefs exposed at low tide, although P. acanthopterus is found 
in deeper water as well (Ponder and Wilson, 1973, p. 400, list depths averaging 179 
meters: for dredged specimens of P. acanthoptherus in the Western Australian 
Museum). There are presumably some micro-ecological differences between the two 
forms, but they are not immediately obvious. 

The spawning habits are similar, both produce clusters of individual egg-capsules 
cemented to the inner side of bivalve shells. However, those of P. (P.) acanthopterus are 
roughly cylindrical, approximately twice as high as they are wide (text-figure 1A) but 
those of the new species are more rounded on top and approximately equidimensional 
in height and diameter (text-figure 1B). Neither species has the "typical" muricine 
vase-shaped capsule seen in P. (P.) triformis (text-figures 1C, 2). 

The range of P. (P.) akation, although overlapping typical P. acanthopterus, is much 
more restricted, occurring only in northern Western Australia, from Onslow (AMS C 
95844; Thevenard Island), ca. 400 km west of Port Hedland, to Cape Keraudren, 140 
km east of Port Hedland, or a distance of about 540 km in all. In contrast, P. 
acanthopterus has been recorded on the west coast from as far south as Rottnest Island 
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Text-figure 1. Egg-capsules of: (A) Pterynotus (Pterochelus) acanthopterus; (B) Pterynotus 
(Pterochelus) akation, n. sp.; (C) Pterynotus (Pterochelus) triformis. 


(Ponder and Wilson, 1973, p. 400, pl. 39, fig. 1) and on the north coast as far east as the 
Torres Strait. 

This species surprisingly has remained undescribed in spite of being recognized as 
"different" from the sympatric P. acanthopterus since at least 1974 (Wilson and Gillett, 
p. 88). From the latter it differs not only in the obvious smaller size (maximum length 
about 45 mm) and the stronger angulation at the shoulder but also in the more 
adapically recurved shoulder spines, which are relatively shorter, and a lower spire 
relative to P. acanthopterus. The color in the new species is also distinctive for, 
although P. acanthopterus varies from almost white to dark brown, it never has the 
yellowish-brown color seen in P. akation. | 

Juvenile specimens of Р. (P.) acanthopterus may be mistaken for this new species, 
but close comparison permits the two to be separated on the basis of the more recurved 
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shoulder spines and the stronger angulation at the shoulder of P. akation (compare pl. 
1, fig. 4 and pl. 5, fig. 5). Often the color is the easiest way to separate the two, even 
though this has no taxonomic validity. Most specimens of P. akation have a 
characteristic yellow-brown hue; however, there are rare examples from both Port 
Hedland (AMS, ex Coleman Coll.) and Karratha (Ignoti Coll.; Edinger Coll.) and the 
specimen figured by Wilson and Gillett, 1974, pl. 59, fig. 4a; 1979, pl. 33, fig. 4a) that 
have the brown and white banded appearance of the Broome form of P. acanthopterus. 

From the other species of Pterochelus this new species is more readily distinguished. 
It differs from P. duffusi in having a much heavier and more scabrous shell, with 
elaborately fimbriated varical faces. From P. triformis it differs in lacking the widely 
expanded varical flange, which in the latter species is almost flat and does not show the 
abapertural projections of P. akation. In P. triformis the shoulder spine is not extended 
beyond the overall edge of the varix. 

The new species P. undosus, which follows, is in many ways the most similar in 
morphology, but may be separated by the less massive shell of the latter, which also 
lacks the pronounced shoulder angulation. The undulating surface of the varical flange 
is even more well-developed in P. undosus (hence, the name) than in P. akation. 


Pterynotus (Pterochelus) undosus Vokes, n. sp. 
Plate 6, figures 1-5 


Pterochelus triformis (Reeve). Radwin and D' Attilio, 1976, Murex Shells of the World, 
p. 97 (in part), pl. 15, fig. 6 only (fig. 7 = P. triformis) (not of Reeve). 

Pterochelus duffusi Iredale. Fair, 1976, The Murex Book, p. 38, pl. 14, figs. 184, 184a 
(not of Iredale). 


Pterochelus acanthopterus (Lamarck). Vokes, 1989, Amer. Conchologist, v. 17, no. 2, 
p. 5 (in part), text-fig. 7 only (not of Lamarck). 


Pterochelus sp. cf. acanthopterus (Lamarck). Vokes, 1989, Amer. Conchologist, v. 17, 
no. 2, p. 3 (map), not text-fig. 5 (= P. duffusi). 


Description: Shell with protoconch of one and one-half smooth whorls, teleoconch of 
seven whorls. Spiral ornamentation from earliest teleoconch whorl onward of faint 
threads, gradually increasing in strength and becoming raised cords. On body whorl 
two cords somewhat larger, one at base of body whorl, and another half-way between 
that and shoulder. Axial ornamentation from earliest post-nuclear whorls of three 
flanged varices, each with a broad open channel within almost straight shoulder spine. 
Varical flange extending along entire length of shell to near tip of siphonal canal, set 
back from edge of apertural margin, leaving apertural margin projecting in advance of 
each varix. Apertural faces of varices constructed of multiple layers of thin shelly 
material, each intricately recurved to reflect strength of spiral ornamentation, with 
larger folds at two major cords, each with a long projection drawn out abaperturally, 
and a more diffuse recurved area forming a “notch” at base of body whorl. One narrow 


44 Plate 6. Figures 1-5. Pterynotus (Pterochelus) undosus Vokes, n. sp. 1. WAM 1-93 (holotype); 
length 54.9 mm, width 30.6 mm; locality, Dunsborough, W.A. (X 1 1/4). 2. AMS C 172398 
(paratype A); length 53.8 mm, width 30.6 mm; locality, Hall's Bank, Fremantle, W.A., 10 m, 
under stones (X 1 1/4; shell not whitened, to show color pattern). 3. AMS C 172399 
(paratype B); length 26.8 mm, width 16.1 mm; locality, same as paratype A (X 1 1/2; 
protoconch X 10). 4. WAM 231-93 (paratype C); length 34.8 mm, width 19.5 mm; locality, 
Quarantine Station, Albany, W.A., 2 m depth, on sponges (X 1 1/4). 5. Vokes Coll.; length 
40.5 mm, width 17.8 mm; locality, Roe Calcarenite, Eucla, W.A. (X 1 1/4). 
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Text-figure 2. Egg-capsules of Pterynotus (Pterochelus) triformis (photograph by Neville Coleman). 


“pinched-in” intervarical node between each pair of varices, beginning on second 
teleoconch whorl and continuing to adult body whorl. On about third teleoconch whorl 
numerous growth lamellae, crossing spiral cords and giving malleated appearance to 
entire shell surface. Suture slightly impressed, subsututal area marked by growth 
lamellae. Aperture oval, inner lip smooth, lightly appressed at posterior end but 
standing free along most of length. Inner side of outer lip smooth, outer edge crenulated 
to reflect spiral ornamentation; small sharp teeth between emarginations formed by 
major cords. Outer margin opening into broad open channel at shoulder spine. Siphonal 
canal moderately long, straight, almost closed but open by a narrow slit; sharply 
recurved at distal end. Color white, pale tan to dark brown, or occasionally peach. 
Frequently darker markings on subsutural ramp, darkest on abapertural side of varical 
flange between suture and spine, on adapertural side of intervarical nodes, and as 
intermittant blotches on varices, especially on that portion of apertural margin 
projecting in advance of the varical flange. Operculum unguiculate, with terminal 
nucleus (as shown in Ponder, 1972a, text-fig. 4:32). Radula typicallymuricine (text-fig. 3). 

Type material: Holotype: WAM 1-93; length 54.9 mm, width 30.6 mm (coll. B.R. 
Wilson). Paratypes: AMS C 172398 (paratype A); length 53.8 mm, width 30.6 mm; 
locality, Hall’s Bank, Fremantle, W.A., 10 m, under stones (ex Coleman Coll.). AMS C 
172399 (paratype B); length 26.8 mm, width 16.1 mm; locality, same as paratype A. 
WAM 231-93 (paratype C); length 34.8 mm, width 19.5 mm; locality, Quarantine 
Station, Albany, W.A., 2 m depth, on sponges (coll. Pas). 

Another 23 specimens in the Vokes Collection. 

Type locality: Dunsborough, Western Australia. 

Etymology of name: undosus (Lat.) — full of waves; in reference to the edge of the 
varical flange. 

Geographic range: Western Australia, from Perth to Esperance. 
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Discussion: Wilson and Gillett (1974, p. 88; 1979, p. 147) noted that along the 
western coast of Western Australia, between North West Cape and Cape Leeuwin, a 
form intermediate between P. acanthopterus and P. triformis occurs. Wells and Bryce 
(1986, p. 88) recorded the range of P. triformis as extending to the west as far as Cape 
Naturaliste, W.A. The specimen upon which this record is based is that one selected to 
be the holotype of P. undosus. 


— 








LUE 


Text-figure 3. Radula of Pterynotus (Pterochelus) undosus, n. sp. (A) X 500, (B) X 1000. 
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Radwin and D' Attilio (1976, pl. 15, fig. 6) figured as P. triformis a specimen said to 
be from Albany, W.A. In a previous article (Vokes, 1989, p. 3), I suggested that this 
might be a case of mistaken locality data, for the few specimens from Albany I had seen 
at that time were not P. triformis, but an undescribed form, that one named herein as P. 
undosus. With additional material I now realize that the Radwin and D’ Attilio shell is 
the same as the Albany specimens of P. undosus and not P. triformis. 

At the same time (Vokes, 1989, p. 5, text-fig. 7) I discussed a specimen from the Plio- 
Pleistocene Roe Calcarenite of southern Australia, suggesting that in this warmer water 
fauna both P. triformis and P. acanthopterus were found. However, with additional 
material of P. undosus, it is obvious that the specimen I called P. acanthopterus is a 
somewhat battered example of P. undosus, as it has a single large intervarical node 
between each pair of varices, in contrast to the two or three small nodes typical of 
specimens of P. acanthopterus. 

This new species occurs together with P. triformis at Esperance, as is discussed above 
under that species. It is abundant throughout the harbor at Albany, and has been taken 
from numerous localities all around the southwestern corner of the continent. In 
general, specimens from the southern coast are smaller and not as elaborately flanged 
as those from Cape Naturaliste to Perth (compare pl. 6, figs. 1, 2, and figs. 3, 4). 

As noted above, under P. akation, this new species is characterized by the pronounced 
undulation of the varical flanges, which also have strongly recurved projections 
marking the major spiral cords. From P. akation it differs in having a less massive 
shell, which attains a somewhat larger size (maximum length 60 mm), with a rounded 
shoulder. The varical faces are not as elaborately fimbriated as in P. acanthopterus, P. | 
triformis, апа Р. akation, but resemble the smoother Р. duffusi. From the latter, Р. 
undosus differs in its larger size, less extended shoulder spine, and more expanded 
varices. As discussed above under Materials and Methods, the protoconch of P. duffusi 
is half again as large as that of P. undosus (diameter 1.5 mm ys. 1.0 mm). 
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ABSTRACT 


The egg mass of the prosobranch Melo miltonis (Griffith and Pidgeon, 1834) from 
the southern Australian region is described in some detail and figured. It is one of 
the largest known prosobranch egg masses, consisting of about 100 spirally 
arranged capsules, each containing a single embryo, measuring 26 mm at hatching. 
The reproductive strategy in the Volutidae is summarized. 


INTRODUCTION 


During the “Fifth International Marine Biological Workshop: The Marine Flora and 
Fauna of Rottnest Island, Western Australia, 8-26 January 1991” an egg mass assigned to 
the prosobranch gastropod Melo miltonis (Griffith and Pidgeon, 1834) was obtained. 

Melo miltonis (Family Volutidae) is a common prosobranch gastropod of the southern 
Australian region. It has been recorded from off Pt. Brown, near Ceduna (about 134°E, 
325S), along the coast of Western Australia to Houtman Abrolhos and Bluff Pt. (about 
114°E, 28°S). It is found from the littoral to 20 m depth on sandy bottom. It attains a shell 
length of 445 mm (Weaver and du Pont, 1970; Wells and Bryce, 1989). 

The egg mass of Melo miltonis was described and figured by Cotton (1937; 1944; 1949). 
His description is brief and the figures (photographs) are rather obscure. In order to 
distinguish the egg mass of the present species from that of other species of the genus Melo 
a more detailed description and more detailed figures are needed. 


MATERIAL AND METHODS 
The following material has been available: 


1) An egg mass obtained by diving off Rottnest Island on 16 January, 1991, depth 
unknown. After being photographed, 10 egg capsules were cut off and preserved in 10% 
formalin. The egg mass was then returned to its habitat. 


2) Ten dry egg capsules and 10 embryos ready to hatch presented to (the late) Professor 
G. Thorson by Mr. B.C. Cotton. The sample is now kept in the Zoological Museum, 
University of Copenhagen. Thorson softened the sample, whereby the original shape ofthe 
egg capsules was re-established. The sample is a subsample of the egg mass from Ceduna, 
South Australia, recorded by Cotton (1944). 

Identification: The animal producing the egg mass from Ceduna was secured; it had a 
shell length of 250 mm. At the site of collecting a further specimen was observed in the 
process of producing a similar egg mass (Cotton, 1944). No female was secured together 
with the Rottnest egg mass, but it agrees in all details with the Ceduna egg capsules of the 
Zoological Museum. Melo miltonis is by far the largest species of the family in southern 
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Figurel. Melo miltonis. Egg mass, Rottnest Island, 16 January, 1991, x 0.5. Drawn after a photograph. 


Australia. Itis not feasible that some other species of the region should be able to produce 
anegg mass of that size. 


The nomenclature and distribution data are in accordance with Weaver and du Pont 
(1970). 


RESULTS 


The egg mass is roughly cylindrical (“the shape of a pineapple"), broader near the base, 
which is indicated by the adhesion of shell fragments, sand and gravel. The height is about 
250 mm, the largest diameter, at about one-third the distance from base, is about 150 mm. 
It consists of about 100 individual egg capsules, arranged in a spiral, leaving a central 
interior space, which contains two detached egg capsules. 

The shape of the egg capsules varies considerably. The exterior surface has a rounded 
basal extension. The apical edge forms two arched ridges running down the lateral edges. 


Melo miltonis egg mass 


A median ridge divides the exterior surface into two concave halves. The interior surface 
bulges heavily into the central cavity. The capsule wall is thick, cartilaginous and 
somewhat opalescent. It consists of two layers: a thick, external layer covering the 
peripheral half of the egg capsule and a 1 mm thick internal layer forming the egg capsule 
proper. A similar structure was observed by Tokioka (1962). The egg capsule contained 
aclear fluid which, some time after preservation, was transformed into a filamentous mass. 
Each capsule contains 1 embryo. The Rottnest sample contains discoidal embryos with 1.5 
whorls and measuring 400 um across, apparently consisting of periostracum only. At an 
advanced stage of development all embryos are orientated with their apices towards the 
outer wall and the anterior canal occupying the internal bulge. The embryo ready to hatch 
has a shell length of 26 mm. It has about four whorls, a flat spire with a deep suture. The 
nuclear whorl can be distinguished; the postnuclear shell has irregular, subsutural, curved 
furrows. The columella has four plaits. None of the hatching embryos from Ceduna 


contained soft parts. Between the individual capsules narrow slits lead into the central 
cavity. 


DISCUSSION 


Dall (1907) stated that the egg capsule and protoconch might provide important 
systematic characters in the Volutidae. Until now only a few species have been studied. The 
egg masses and reproduction are only briefly referred to by Weaver and du Pont (1970). 

Smith (1910) described an egg mass of Melo sp. from off Dunk Island, Queensland. It 
had the shape of an elongate fircone, with only a single embryo in each capsule; no figure 
is given. 

Stephenson et al. (1931) published a very obscure photograph of a female Melo diadema 
Lamarck, 1811 (= M. (Melocorona) amphora (Lightfoot, 1786)) producing an egg mass. 
The observation was made at Low Island, Great Barrier Reef, Queensland. No comments 
are given. 

Cotton (1937, 1944, 1949) and Cotton and Godfrey (1942) identified and described the 
egg mass and embryo of Melo miltonis. The former paper gives an obscure photograph 
showing the egg mass upside down. The present egg mass corresponds in all details with 
the observations made by the authors just mentioned. 

Wilson and Gillett (1971) observed the completion of an initiated egg mass of Melo 
miltonis. After capture the female re-occupied its position on the egg mass containing some 
50 egg capsules. After 10 days an additional 20 egg capsules had been added. The egg mass 
was now completed and the female left it. Individual egg capsules each contained a single 
large larva which hatched directly without a pelagic stage. Wilson and Gillett (1971) 
discuss the restricted distributions of many species of Volutidaein relation to the prevailing 
non-pelagic larval development. A photo of the dried egg mass of M. miltonis is given. 

Tokioka (1962) described and figured an egg mass from the Arafura Sea which (with 
some doubt) was assigned to Memo ducale (Lamarck, 1811) (= M. (Melocorona) 
umbilicatus Broderip in: Sowerby I, 1826). The egg mass is 250 mm long, cone-shaped 
with a central cavity with about 140 capsules. Each capsule contains 1 embryo, about 22 
mm long. Excellent figures are given. 

Amio (1963) described the egg mass of Melo (Melo) melo (Lightfoot, 1786) from the 
waters off southern Japan, giving a brief description and some very obscure photographs. 
The egg mass is cylindrical with a central space and bulging egg capsules. One embryo is 
present in each capsule, hatching at a size of about 30 mm which means a direct 
development. 


The reproduction of 5 species of Volutidae from the coasts of the Americas have been 
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Figure 2. Melo miltonis. A, apical view of a single egg capsule, Rottnest Island, 16 January, 1991, natural 
size. B, frontal view of hatching embryo, Ceduna, South Australia, B.C. Cotton (1944). C, apical 
view of hatching embryo, Ceduna, South Australia, B.C. Cotton (1944). 
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described (Clench and Turner, 1964; Penchaszadeh, 1988: Odontocymbiola magellanica 
(Gmelin, 1791), Zidona dufresnei (Donovan, 1823), Adelomelon ancilla (Lightfoot, 
1786), Adelomelon brasiliana (Lamarck, 1811), and Voluta musica Linnaeus, 1758). The 
species mentioned appear to have homogeneous reproductive strategy: they produce large 
solitary egg capsules with few eggs; the development is direct and the hatching young may 
attain a shell length of more than 10 mm. The egg capsule of Adelomelon brasiliana is 
globular with a flattened base and measures 90x100 mm. It contains 5-15 embryos and is 
one of the largest known prosobranch egg capsules. 

The reproductive strategy of Cymbium was studied by Marche-Marchad (1968, 1980). 
The genus, comprising 9 taxa, is endemic to the West African region, extending to the south 
coast of Portugal and the western Mediterranean. The female produces large egg capsules 
which are incubated in the pedal gland. The egg capsule contains several thousand eggs, 
measuring 100-150 pm. The larger eggs serve as nurse eggs and 4-46 of the smaller eggs 
develop into veliconcha embryos hatching at a size of 20-30 mm. 

Thus in the Volutidae three different reproductive strategies are found: 

1) Large solitary capsules resting on the sea bottom: American waters. 

2) Incubation of egg capsule in the pedal gland: West African region. 

3) A composite egg mass with numerous capsules: Indo-Pacific region, Australian 
waters. 


All three strategies result in a small number of large embryos having a direct 
development. 
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species 


Fred E. Wells 
Western Australian Museum, Perth, W. A. 6000 


ABSTRACT 
The known range of Splendrillia candidula (Hedley, 1922) is extended from 
Queensland westward to off Dampier, Western Australia. Splendrillia persica 
(Smith, 1888) is recorded for the first time from Australian waters, and a new 
species of Splendrillia is described from off the north coast of Western Australia 
and the Northern Territory. 


INTRODUCTION 


I recently revised Australian species of the turrid genus Splendrillia Hedley, 1922 
(Wells, 1990; 1991). Subsequent sorting of additional material at the Australian 
Museum has disclosed the presence of one undescribed species from northwestern 
Australia and greatly extended the range of two additional species. This information is 
recorded in the present paper. Turrids, particularly small species, are poorly known 
from this area, and it is likely that additional collecting in the future will show that 
there are a number of additional species. 


SYSTEMATICS 


Genus Splendrillia Hedley, 1922 
Type species: Drillia woodsi Beddome, 1883. (o.d.). 


Splendrillia candidula Hedley, 1922 


Plate 1, Figures 1-2. 
Clavus candidulus Hedley, 1922: 255, 256, pl. 45, fig. 47 


Austroclavus candidulus (Hedley). Cotton, 1947: 1-12. 
Splendrillia candidula (Hedley). Wells, 1990: 91-92, pl.4, figs. 7,8. 


Shell: (based on new material). Shell very small, 6 mm, very high spire. Protoconch 
small, high, rounded, 2 smooth whorls with very fine pitting, 0.60-0.66 mm wide, 
0.51-0.60 mm ‘high. Teleoconch of 6-7 convex whorls. Suture fine, indistinct, slightly 
undulating. Single, low, broad, flat subsutural spiral cord, indistinct on some paratypes. 
Sculpture dominated by strong, low, broad axial ribs, do not line up on adjacent 
whorls, begin 1/3 way down the whorl, reach maximum size at midwhorl, lessen but 
are still strong at lower suture, extend slightly below suture, 6-8 on penultimate whorl, 
4 indistinct ribs on upper face of body whorl followed by pronounced varix, which 
swells left face of whorl, outer surface of body whorl broken in life and subsequently 
repaired. About 6 indistinct spiral striae just above anterior tip of shell. Shell surface 
smooth but with uniform fine pitting on some specimens along with faint axial growth 
lines. Outer lip thickened, edge smooth and slightly incurved, indistinct notch on lower 
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surface. Sinus subsutural, very deep, at 30° angle to shell axis, entrance strongly 
constricted by strong callus and outer lip, margins of sinus heavily thickened. Aperture 
elongate, subrectangular, deep. Columella narrow, smooth, slightly convex, margin 
callused. Shell truncate, anterior canal short, broad, deep, anterior tip notched. Shell 
colour uniform glossy white or off-white. 


Measurements: 

Length Width Aperture W/L A/L 

(mm) (mm) (mm) 
Holotype 5.3 2.0 2.1 0.38 0.40 
AMS C.168133 6.3 2.1 1.9 0.33 0.30 
AMS C.168119 6.0 2.2 25 0.37 0.38 
5.9 2.1 2.2 - 0.36 0.37 
5.3 2.0 1.8 0.38 0.34 
5.8 2.1 1.9 0.36 0.33 


Animal: Not known. 

Type material: Holotype and two paratypes, AMS C.2675. 

Type locality: 36 m depth, off Darnley Island, Torres Strait, Queensland. 

New material: 5 specimens, AMS C.168119. 124 m depth, 160 km N of Croker 
Island, Northern Territory (9°30'S; 132°34'E). 1 specimen, AMS C.168133. 11 m, off 
Croker Island, Northern Territory (11°1'S; 132°34'E). 

Distribution: 11 to 261 m depth, from Croker Island, Northern Territory to off Cape 
Moreton, Queensland. 

Remarks: Wells (1990) recorded this species from only the type material and a few 
additional Queensland specimens. The present material extends its range across 
northern Australia to off Dampier, Western Australia. The present material agrees in 
all major features with the type series, including general shape and sculpture, size, 
structure of the protoconch, and rib structure. The holotype has 5 teleoconch whorls 
and 8 axial ribs on the penultimate whorl versus 6-7 whorls and 6-8 axial ribs in the 
present material. Wells (1990) recorded the maximum length of the species as 11 mm. 

Splendrillia candidula is similar in size to, and sympatric with, S. westralis but can 
be differentiated by being a larger shell, the protoconch lacks the distinct spiral rib of 
S. westralis, and the axial ribs are rounded and not triangular. 


Splendrillia persica (Smith, 1888) 
Plate 1, figures 3-4. 
Pleurotoma persica Smith, 1888: 307. 


Drillia persica var. jacintha Melvill, 1917: 156, pl. 9, f. 6. 


Splendrillia persica (Smith): True, 1991: 9 and S. persica var. jacintha (Melvill): 
True, 1991: 9. 


Shell: Shell small, to 8 mm in Australian specimens, very high spire. Protoconch 
small, 2 whorls, rounded, slightly globose with very fine microscopic pitting, lower 
whorl with indistinct spiral rib giving outline a triangular appearance, 0.75 mm wide, 
0.65 mm high. Teleoconch of up to 7 angular whorls, turreted. Suture distinct, slightly 
impressed, slightly undulating. Sculpture dominated by strong, narrow axial ribs, which 
form 1/4 way down whorl, reach maximum by midwhorl, continue to lower suture, 
tend to line up on adjacent whorls, 8-11 on penultimate whorl, 8-11 on body 
whorl,extend below shoulder of body whorl but not to anterior tip of shell, distinct 
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Plate 1. Figs. 1-2. Splendrillia candidula (Hedley, 1922). AMS C.168133. 11 m, off Croker Island, 
Northern Territory. 6.3 mm long. Figs 3-4. Splendrillia persica (Smith, 1888). AMS 
C.168134. 238 m, approx. 370 km W of Roebuck Вау, WA (18°305; 118°03'E)(AMS 
C.168134). 7.5 mm long. Figures 5-6. Splendrillia westralis. Holotype, AMS C.168124. 112 
m depth, 157 km NNW of Pt. Hedland, Western Australia (19°00.8'S; 118°01.3'Е). 4.8 mm 


long. 


varix usually be present on body whorl, if so remainder of whorl is smooth. Spiral 
sculpture absent except for series of about five indistinct striae near anterior tip of 
shell. Axial growth lines present. Outer lip slightly thickened with faint notch on lower 
surface. Sinus on midshoulder, very deep, U shaped, margin thickened. Callus strong. 
Aperture subrectangular, deep. Columella narrow, callused margin. Shell truncate, 
anterior canal short, broad, deep, anterior tip distinctly notched. Entire shell off-white 


glossy. 
Measurements: 
Length 
(mm) 
persica 
BM(NH) syntypes 8.9 
1874.1.19.30 8.4 
8.6 
7.0 
AMS C.168134 7.5 
6Л 
7.5 


Width 
(mm) 


2.9 
2.9 
3.0 
2.3 
2.5 
2.3 
3.0 


Aperture 
(mm) 


983 
3.2 
3.3 
2.9 
2.5 
2.5 
2.8 


W/L 


0.33 
0.35 
0.35 
0.33 
0.33 
0.34 
0.40 


A/L 


0.37 
0.38 
0.38 
0.41 
0.33 
0.37 
0.37 
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Location of types: persica: BM(NH) 1874.1.19.30. 4 syntypes. 

Type locality: Persian Gulf. 

Material examined: Types. 5 specimens, AMS C.168134. 238 m, approx. 370 km 
W of Roebuck Bay, WA (18°30'S; 118*03'E)(AMS C.168134). 

Distribution: Indo-West Pacific: from the Persian Gulf to northwestern Australia. 

Remarks: The material from Roebuck Bay is the first record of this species in 
Australian waters. Australian specimens are very similar to the types, slightly smaller, 
with the same size protoconch, the callus and ribs are similar, but the material differs 
slightly in that the axial ribs on the front face of the body whorl are not as strong and 
the body whorl is slightly more pustulose just below the suture. 

Splendrillia persica is similar to Splendrillia disjecta (Smith, 1888) in shell 
structure: they are of the same size, have the same number of whorls, $. persica is 
slightly narrower, with slightly narrower ribs which do not penetrate as far on the face 
of the body whorl, and the protoconch is of the same size. A callus is present on $. 
persica but not S. disjecta. 


Splendrillia westralis n.sp. 
Plate 1, Figures 5-6 


Shell: Shell very small, 5 mm, very high spire. Protoconch high, smooth, 2 glossy 
whorls, strong spiral rib across centre of whorls, 0.60 mm wide, 0.60 mm high. 
Teleoconch of 6 angular whorls. Suture distinct, undulating. Sculpture dominated by 
strong, narrow, triangular axial ribs, begin abruptly 1/4 down whorl, increase rapidly 
to maximum at midwhorl, decrease but are strong at lower suture, reform as distinct 
nodule on upper surface of next whorl, just below suture, ribs do not match up on 
adjacent whorls, 8 on penultimate whorl, 8 on upper surface of first half of body whorl, 
final rib swollen into strong varix, remainder of body whorl smooth. Surface of shell 
smooth, axial growth lines indistinct. Outer lip slightly thickened, margin slightly 
incurved, small notch just above base. Sinus on shoulder, very deep, U shaped, strong 
callus present both on columella and inside of outer lip. Aperture deep, subrectangular. 
Columella narrow, slightly convex, margin raised. Shell truncate, anterior canal short, 
deep, moderate width, anterior tip of shell notched. Shell colour uniform glossy white. 


Measurements: 
Length Width Aperture W/L A/L 
(mm) (mm) (mm) 
Holotype AMS C.168124 4.8 1.8 1.7 0.38 0.35 
Paratype AMS C.168122 4.5 1.8 1.8 0.40 0.40 


Type material: Holotype, AMS C.168124. 112 m depth, 157 km NNW of Pt. 
Hedland, Western Australia (19°00.8'S; 118°01.3'Е). Paratypes: 6 specimens (5 
broken), AMS C.168122. 110 m depth, 138 km NNW of Dampier, Western Australia 
(19°28.9-29.0'S; 116°29.4'E); 1 broken specimen, AMS C.168125. 194 m depth, 184 
km NW of Broome, Western Australia (16°58'S; 120°47'E). 

Distribution: Australian North West Shelf at 110-194 m depth from 138 km NNW 
of Dampier to 184 km NW of Broome, Western Australia. 

Etymology: This species is named after the geographical area in which it occurs, off 
Western Australia. 

Remarks: Splendrillia westralis is similar to and sympatric with S. candidula, but is 
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a smaller shell, the protoconch has a distinct spiral rib, the axial ribs are triangular and 
not rounded, and there is a distinct varix on the left side of the front of the body whorl. 
It should also be compared with two small species of Splendrillia from Queensland. 
Splendrillia hedleyi Wells, 1990 also has an angular shape, but is a larger shell (10 
mm long), with a much larger protoconch (0.93 mm wide), and a broader shape. 
Splendrillia powelli (Wells, 1990) is also larger (9 mm) than S. westralis, broader with 
more numerous axial ribs (13 vs. 8). Both Queensland species lack the spiral ridge on 
the first protoconch whorl which is present on $. westralis. 
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ANNOUNCEMENT 

The Council of the Malacological Society of Australia has decided that the Society will 
in future publish special issues of the Journal as “Monographs” or “Supplements”. These 
will, of course, be subject to the normal peer review process. We will have a flexible policy 
as to how and when these will be published. In some cases at least, they will be dealt with 
as books, quite independent from the Journal. 

Correspondence and manuscripts should be sent to the Journal Editor, Dr. F. E. Wells, 
Western Australian Museum, Francis Street, Perth, W.A. 6000. 


Please let people outside the MSA know that this new publication policy exists. 
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BOOK REVIEW 


Smith, B.J. 1992. Non-Marine Mollusca. Jn Houston, W.W.K. (ed). Zoological 


Catalogue of Australia. Australian Government Printing Service, Canberra. 
Volume 8: 1-405. 


The Zoological Catalogue of Australia is an ambitious project of the Australian 
Biological Resources Study, an agency of the commonwealth government located 
in Canberra. One of the aims of ABRS is to develop a nationwide computer 
database of all of the plants and animals known to occur in Australia, which for 
this purpose includes not only the continent itself but also the Australian territories 
such as Lord Howe I., Norfolk 1., Cocos (Keeling) Is., Christmas I., and the 
Australian Antarctic Territory. All of the information is stored on computer where 
it can be readily updated and accessed by users. Since many people do not have 
ready access to the computer network, and even those who do, find a printed copy 


of the current information to be useful a series of Zoological Catalogues is being 
produced. 


Each Catalogue follows a standard format using the computerized information. 
The format and structure of the book are the responsibility of ABRS; the author is 
responsible for the information itself. When completed, the full set of Catalogues 
will be some 100 volumes. A number of Catalogues have already been published. 
Non- Marine Mollusca is the first volume to be published on molluscs, and lam not 
aware of any additional volumes currently being worked on. The book was written 
by Dr. Brian J. Smith, well known to MSA members for his active work at the 
Museum of Victoria and his substantial role in our Society over many years. 


There are two aspects to reviewing a book of this nature — the overall concept of 
the series and the particular book in hand. The project is an ambitious one — to 
bring together in one place all of the information known about all of the species 
which live in Australia. At present the available published information is scattered 
over the literature dating back for 200 years or even more, and cannot be readily 
obtained except ina very few libraries worldwide. The unpublished information is 
scattered through museum collections throughout Australia and overseas. Thus it 
requires a great deal of work for a specialist to develop sufficient information to 
revise even a small group such as a family or genus. The laudable intention of the 
Catalogues is to bring together the mass of information and make it readily 
available. 


There are inevitably problems with any major project, and a number spring to 
mind with the Catalogues. Our knowledge of the Australian fauna and flora is very 
uneven. Mammals for example are a relatively small group which can be readily 
treated, but many phyla have never been studied in Australia. Marine mites were 
collected last year for the first time at Rottnest Island, W.A. and 70 species, most of 
them new, were found in 18 days of collecting. The first question about the 
Zoological Catalogue series is whether the limited resources available would have 
been better utilized if they had been used to develop our knowledge of the 
systematics of key groups. A second question concerns the format. Using a 
standard format of information about each species is repetitious. For example 
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Ponder, Hershler and Jenkins (1989) described the hydrobiid genus Fonscochlea 
with two subgenera and a total of six species. This is the only paper on the group, 
but the full reference is cited 15 times in a page and a half of text in Non- Marine 
Mollusca. Any work of this nature will unearth a myriad of taxonomic problems 
which must be addressed — over 300 taxonomic decisions are listed at the back of 
Non- Marine Mollusca, yet the format does not allow the author to state the basis 
on which each decision is made. This does not allow future workers to evaluate the 
decisions. 


Most of the Catalogues deal with a single, distinct taxonomic group such as an 
order or family. Non- Marine Mollusca deviates from this pattern by covering all of 
the bivalve and gastropod molluscs which live either on land or in freshwater 
habitats. The distinction between marine species which are not included and the 
freshwater and terrestrial groups which are is not as simple as it might first appear, 
as some group have species living in two of the habitats. Dr. Smith has been forced 
to make decisions on whether to include particular groups. Many species of 
ellobiids for example live in the high intertidal regions of mangroves or southern 
estuaries where they are intermediate between marine and terrestrial habitats. A 
marine biologist would consider ellobiids marine on the basis that they require a 
marine phase for their reproduction, but Dr. Smith has considered them to be 
terrestrial for the purposes of this book. 


Non- Marine Mollusca is a major contribution to our knowledge of the 
Australian molluscan fauna. It covers 57 families with over 400 genus names and 
1000 species names which are considered to be valid. The book provides a unique 
and necessary information source for anyone dealing with Australian molluscs. 
The data presented allow a reader ready access into the published literature on any 
species. A book such as Non- Marine Mollusca which summarizes all of the 
published information in a particular field inevitably runs the risk of being 
outdated before it appears in print. In this instance every effort has been made to 
keep the volume up to date. The cut-off date for publications was 31 December 
1990, only just over a year before the book appeared. 


Dr. Smith is to be congratulated for the thoroughness with which he has 
approached this massive task. 


F. E. Wells 
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